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Abstract 
 
The aim of the study was twofold namely (1) to describe and compare the 
incidence and mechanism of injuries that occurred in the Nelson Mandela 
Metropolitan University hockey teams that play in the Premier and President 
Leagues; and (2)  to determine the relationships between the level of physical 
preparation of the relevant players and injury occurrence. The study utilised 
an exploratory-descriptive epidemiological approach, implementing a cohort 
study design and was conducted over a period of six months. Data collection 
was done by means of two physical tests, one to assess the players’ 
endurance and the other to assess their anaerobic fitness. This was 
performed twice on the participants during the study. Data collection also 
utilised four questionnaires to determine the following:  the players’ personal 
information and medical history, the preparation and training the players did 
for hockey, the incidence and mechanism of the injury the players have 
incurred and the follow-up of the injury to describe the type of injury and the 
rehabilitation process.  The study included 42 participants with 25 from the 
two Premier League Teams and 17 from the President League Team. The 
results were placed into table and graph format and elucidated by means of 
descriptive statistics. Furthermore inferential statistics and Cohen’s d were 
utilised to determine both statistical and practical significances of differences 
between groups mean values respectively. The statistical significance of 
differences between the frequency distributions of the two sample groups was 
determined by means of Chi2 tests of independence. Cramér’s V statistic was 
used when there were statistically significant Chi2 tests results to determine 
the practical significance of the two sample group’s differences. The variable 
of highest level of play showed the only significant difference with regards to 
screening statistics as the Premier League Participants had a higher number 
of years participating at a provincial level. The injury statistics revealed that 
the incidence of injury in the Premier League was 4.08 injuries per 1000 
athlete-exposures (A-E), while there was a significantly higher incidence for 
the President League of 14.71 injuries per 1000 A-E. Matches showed a 
significantly higher incidence of injuries (8.18 injuries per 1000 A-E) than 
 xiv 
practices (2.42 injuries per 1000 A-E) which follows previous research. 
Goalkeepers and halves showed the highest occurrence of injuries (36% 
each) and are supported by 59% of the injuries occurring on the defensive 
side of the 23 metre line. Contact injuries (collision 6%, hit by stick 17% and 
hit by ball 33%) accounted for 56% of all the injuries. No significant 
differences were found between the two leagues with regards to preparation, 
the Multi Stage Shuttle Run Test (MSSRT) and the Repeated Sprint Test 
(RST), except for one period each for technical skills and aerobic training. The 
relationship between injuries and training showed no significances with 
regards to preparation, MSSRT and RST, although there was minimal 
balance and proprioceptive training performed. Thus the lower league showed 
a significantly higher incidence of injury with preparation not being a 
mechanism for injuries.  
 
Keywords: Field Hockey, epidemiology, incidence, mechanism, injury, 
Nelson Mandela Metropolitan University 
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Chapter 1: Problem Identification 
 
1.1. Introduction 
 
The game of field hockey is the world’s second most played team sport after 
soccer and is played in 132 countries around the world (Sherker & Cassell, 
2002). There are many variations of the game of hockey, such as ice hockey, 
field hockey, lacrosse and indoor hockey, but this study will only concentrate 
on field hockey within the South African context. For the sake of brevity the 
term “hockey” will be used in this report when field hockey is referred to. Only 
when a distinction between the various forms of hockey is made will the 
specific type of hockey be qualified.   
 
Hockey is played outdoors on grass or an artificial surface. There are two 
opposing teams which each consist of eleven players (Sherker & Cassell, 
2002). Hockey is a popular sport in South Africa and is offered at most high 
schools and universities, but despite its popularity there is limited data on the 
injury incidence among hockey players (Naicker, McLean, Esterhuizen & 
Peters-Futre, 2006). 
 
Over the last 20 years hockey has developed into a fast paced game that 
requires sprinting within restricted areas of play with rapid stop-start actions 
and sudden changes in direction. All these actions place considerable strain 
on the joints of the lower limbs (Naicker et al., 2006). The reason that hockey 
has developed into such a fast paced game is mainly due to the introduction 
of artificial playing surfaces, new hockey stick technology and new rules that 
have been introduced over the last 20 years (Lemmink, Elferink-Gemser & 
Visscher, 2004). The faster artificial surfaces place greater physiological 
demands on the players and have changed the technical and tactical aspects 
of the game. The new hockey stick technology that is being used allows for 
more precise and powerful manipulation of the ball, while the rule changes 
have allowed tired players to be substituted whenever necessary and have 
encouraged play in and around the circle area. These advances in the sport 
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have greatly increased the potential risk of injury in hockey (Naicker et al., 
2006).  
 
Dick, Hootman, Agel, Vela, Marshall and Messina (2007) conducted a study 
that aimed to describe the epidemiology of hockey injuries in women’s hockey 
from 1988/89 to 2002/03 seasons. The overall injury rate for games was 7.87 
per 1000 A-E (see p7 for concept clarification) for the full length of the study. 
The most frequently occurring injuries from this study were lower leg injuries 
which accounted for 43% of injuries occurring during matches and 60% 
occurring during practices, which is a concerning fact. Naicker et al. (2006) 
conducted a study to determine the incidence of ankle injuries amongst 
provincial female hockey players in Kwa-Zulu Natal. They discovered the 
overall incidence of injury was 6.32 injuries per 1000 hours of total playing 
time (see p7 for concept clarification). The incidence was highest amongst 
players who had reached the national side (1.75 injuries per player per 
season) and who had been playing hockey for six to seven years (1.23 
injuries per player per season), thus indicating the more valuable players have 
a higher risk. Ankle injuries accounted for more than 25% of all the injuries for 
the study (Naicker et al., 2006). Other injuries that were found by Naicker et 
al. (2006) were concussions, head and neck lacerations, as well as chronic 
injuries such as fractures of the hand, fingers and thumb. Acute injuries to the 
hand, fingers, and thumb are commonly found in sports that use stick-like 
implements such as hockey (Livingston & Forbes, 2003). These types of 
injuries are often caused by a forceful blow from an opponent’s stick which 
was reported by Livingston and Forbes (2003), when they investigated the 
injury to the thumb from lacrosse stick entrapment. 
 
The position that a hockey player holds may also affect the type and 
frequency of injury as different playing positions require the utilisation of 
different tactics and techniques. For example, a goalie has to face the shots 
that are targeted at the goal, while midfield players have to run continuously, 
placing higher demands on their legs (Dick et al., 2007). Dick et al. (2007) 
discovered that the percentage of injuries that were occurring according to 
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position affected mostly backfielders/defenders (24%) and midfielders (28%), 
who had the highest weighted proportion of all injuries. 
 
Tully (2003) discovered that the new rule changes have caused an increase in 
the frequency of injuries in hockey but Dick et al. (2007) found that there has 
been a decrease in the frequency of injuries with the introduction of new rules, 
artificial playing surfaces and hockey stick technologies. They also found that 
the frequency of injury to the head (concussions and lacerations) have 
increased which is a concern due to the severity of these injuries. The 
increase of injury to the head is due to the increase in the elevation of the ball 
off the ground, which is much higher than it was in the past (Dick et al., 2007).  
Although Dick et al. (2007) found that there has been a decrease in the 
frequency of injuries, the study states that experts believe that there should be 
an increase in the frequency of injuries due to the changes in the game over 
the last 20 years.  
 
There is limited research on the incidence and mechanism of injuries in 
hockey with regards to male players. Research literature indicates a tendency 
towards studies performed on female players within hockey and the number 
of females participating in hockey is slightly more than males, as was shown 
in a study by Stevenson, Hamer, Finch, Elliot and Kresnow (2000). The study 
by Stevenson et al. (2000) used a random sample of hockey players of both 
sexes in the city of Perth, Australia. The sample of players comprised of 60% 
females and 40% males (n=393), indicating that the number of females to 
male players is slightly higher for that population. A reason for the larger 
interest in the female game may be due to hockey being one of the first sports 
to encourage women to participate in strenuous activity and compete in a 
team situation (Sherker & Cassell, 2002). Stevenson et al. (2000) also found 
that male hockey players in Australia had a greater risk of injury (19.0 
injuries/1000 hours of exposure) when compared to women (13.6 
injuries/1000 hours of exposure) and that hockey had the second highest 
incidence of injury rate after Australian football, and ranking above basketball 
and netball. The greater attention given to the female game and the significant 
difference in frequency of injury is the motivation for the present study to be 
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performed on male players as there is a need for more data and research 
within the male aspect of the game. 
 
Previous studies such as Sherker & Cassell (2002) and Naicker et al. (2006) 
have questioned whether players’ injuries could be prevented from a good 
training regime. The training methods used for hockey include a wide range of 
techniques and conditioning, due to hockey being a multiple high intensity 
activity sport, with a multidirectional nature. The reason that it is a multiple 
high intensity activity is due to the fact that a player at a competitive level has 
great aerobic demands placed on them which require them to expend more 
energy at high intensity. Furthermore, hockey activities during a match 
alternate between high and low levels of intensity at a ratio ranging between 
1:4 to 1:8 respectively (Lemmink et al., 2004). These high intensity level 
activities are sprinting and cruising as well as activities where the player is 
directly involved with the ball such as dribbling. These activities account for 
between 17.5 to 30% of the players’ game time and require the players to 
have a good anaerobic energy system (Lemmink et al., 2004). The 
multidirectional nature of the game requires the player to change direction 
rapidly while maintaining balance, without a loss of speed. The change in 
direction while maintaining balance and speed is known as agility, which is an 
important performance component that is necessary for the player to possess 
if they want to compete at an elite level (Lemmink et al., 2004). Consequently 
players need a well developed interval endurance capacity allowing them to 
perform high intensity activities such as sprinting followed by low intensity 
activities such as jogging or walking which allow them to recover. In terms of 
energy requirements, the players’ aerobic capacity is the most important 
energy system needed for hockey (Elferink-Gemser, Visscher, Van Duijn & 
Lemmink, 2006). Although great anaerobic capacity is required during 
activities such as sprinting and dribbling, it is the aerobic capacity that allows 
for efficient recovery of the players’ anaerobic energy system during short rest 
periods (Elferink-Gemser et al., 2006).  It has been found that if a player does 
not possess all the above mentioned performance qualities when competing 
at an elite level, there is an increased chance for injury (Dick et al., 2007).   
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With the high number of injuries occurring in sport, research has shown the 
need for a uniform surveillance system to be put in place. In soccer they have 
identified the need to develop a uniform method for epidemiological research. 
The international governing bodies of football as well as national football 
associations throughout the world are concerned about the demands placed 
on the modern footballer and the translation of these demands into injuries. 
They suggested that a survey of sports injuries in a uniform manner may aid 
in the development of preventative techniques (Hägglund, Waldén, Bahr & 
Ekstrand, 2005). The concerns with regards to demands placed on the athlete 
should exist within all sporting codes to allow the development of correct 
surveillance systems that may prevent injuries. 
 
Experts do not agree on the incidence of hockey players’ injuries (Dick et al., 
2007) and the studies that have investigated the injury rates of hockey 
players’ injuries, mainly concentrated on the female players (Dick et al., 2007; 
Naicker et al., 2006), which emphasize a need for determining the incidence 
and mechanism of injury in male hockey players. Furthermore, the importance 
of developing and utilising surveillance systems has been stressed greatly in 
aiding the prevention of injuries within sports (Hägglund et al., 2005). 
 
1.2. Aim and Objectives of the Research 
 
The aim of this study is twofold: (1) to determine and compare the incidence 
and mechanism of injuries occurring in the Premier and President League 
hockey teams at the Nelson Mandela Metropolitan University (NMMU) during 
the 2008 season; and (2) to determine the relationships between the level of 
physical preparation of the relevant players and injury occurrence.  
 
In order to achieve the above mentioned aim the following objectives are 
relevant:  
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 To determine a profile of the injury types affecting Premier and 
President League hockey teams playing for NMMU during 2008 
season. 
 
 To determine the incidence of these injuries. 
 
 To determine the mechanism of these injuries. 
 
 To compare the injury profiles of the Premier and President League 
players. 
 
 To determine the physical preparation of the relevant players as well as 
the relationships with injury occurrence. 
 
1.3. Scope of the Study 
 
The study utilised an exploratory-descriptive epidemiological approach, 
implementing a cohort study design and was conducted over a period of six 
months. The sample consisted of 42 male participants, with 25 from the 
Premier A and Premier B League Teams and 17 from the President League 
Team from the Nelson Mandela Metropolitan University (NMMU). 
 
The data collection process began in April 2008 in Port Elizabeth at the 
Nelson Mandela Metropolitan Hockey Clubhouse. From April 2008 to the end 
of September 2008 data collection took place at the NMMU Hockey 
Clubhouse and Astroturf. Further data collection during this period was 
performed at the KC March Astroturf in Gelvandale, Port Elizabeth and 
Rhodes Astroturf in Grahamstown. 
 
Participants were first screened by having them complete a questionnaire. 
Thereafter their preparation was evaluated in three periods during the season 
with a questionnaire. Any injuries that occurred during the study were 
recorded using questionnaires. Finally the participants’ fitness levels were 
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evaluated by testing their aerobic and anaerobic energy systems at the 
beginning and end of the season. 
 
1.4. Concept Clarification 
 
The following concepts are clarified in order to facilitate the understanding of 
this research project. 
 
 Injury: This is defined as any physical complaint sustained by a player 
that result from a match or training, irrespective of the need for medical 
attention or time loss from sport activities (Fuller, Ekstrand, Junge, 
Andersen, Bahr, Dvorak, Hägglund, McCrory and Meeuwisse, 
2006:193).  
 
 Chronic: Long term or frequently reoccurring. The opposite of acute 
(Tortora & Grabowski, 2000: G-9). 
 
 Incidence of injury: Incidence may be measured by using the unit 
athlete-exposure (A-E), which is the unit of risk of when an athlete is 
exposed to a possibility of an injury (Arendt, Agel & Dick, 1999). 
Therefore the injury rate is generally defined as the number of injuries 
per 1000 hours of player activity time (Wong & Hong, 2005) or number 
of injuries per 1000 A-E where there is a risk of injury (Arendt et al., 
1999). 
 
 Mechanism of injury: Mechanical description of the cause (Kendall, 
McCreary, Provance, Rodgers & Romani, 2005: G-5) of injury. 
 
 Epidemiology: The study of the occurrence and distribution of 
diseases and disorders in human populations (Tortora & Grabowski, 
2000: G-14).  
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 Etiology: The study of the causes of disease, including theories of the 
origin and organisms (if any) involved (Tortora & Grabowski, 2000: G-
14).  
 
 Premier League: This is the highest league that a club team may 
participate in, in the relevant region for this study, also known as the 
First league. 
 
 President League: This is the second highest league a club team may 
participate in, in the relevant region for this study, also known as the 
Second league. 
 
 Intrinsic injuries: These types of injuries result from internal forces 
acting on the muscle, tendon, ligament or joint (Sherker & Cassell, 
2002). 
 
 Extrinsic injuries: These types of injuries result from external forces 
and may occur from being struck by a stick or ball or by colliding with a 
goal post, the ground or another player (Sherker & Cassell, 2002). 
 
 Hockey: Hockey has many variations such as ice hockey, field hockey, 
lacrosse and indoor hockey, but this study will only focus on field 
hockey within the South African context.  
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Chapter 2: Literature Review 
 
2.1. Introduction 
 
Hockey as an ancient sport has been played all around the world (FIH, 2009). 
The modern era of hockey has given way to the creation of the International 
Hockey Federation (FIH) in 1924 (FIH, 2009) and since then hockey has 
developed to be the second most played team sport in the world (Sherker & 
Cassell, 2002). In South Africa hockey has been recognised as a popular 
sport and is offered at most high schools and universities. Despite the 
popularity of hockey in South Africa there is limited data on the injury 
incidence in hockey players and fewer recent statistics available (Naicker et 
al., 2006). Besides the lack of available research in South Africa, there is little 
research available on men’s hockey. Furthermore the developments over the 
last 20 years in hockey, such as the introduction of artificial playing surfaces, 
new hockey stick technology and new rules that have been introduced have 
resulted in a faster paced game (Lemmink et al., 2004). The faster paced 
game requires sprinting with sudden changes in direction and rapid stop and 
start action, which all place considerable strain on the joints of players’ lower 
limbs (Naicker et al., 2006). 
These factors were considered in the implementation of this study and the 
relevant literature is reviewed in this chapter. The chapter thus begins with the 
history of hockey and the way it has been developed into the modern game it 
is today. Recent developments in the modern game, as mentioned previously, 
include the introduction of artificial surfaces, improvements in equipment such 
as hockey sticks and goalkeeper equipment. The importance of the use of 
safety equipment for preventing injuries is also illustrated. Furthermore the 
modern game has developed and is still developing ways of making it as 
efficient as possible while maintaining important aspects such as safety. The 
review then explores the analysis of the act of playing hockey with the use of 
time-motion analysis, furthermore reviewing the energy systems a hockey 
player would need to train so that they would excel at the modern game and 
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to help prevent injury. The physical characteristics of hockey players are 
reviewed with regards to there somatotypes, positions and energy systems 
required in the different positions. Therefore differences are compared in 
players’ characteristics if any in the review. Finally the chapter explores 
research that has reported incidence of injury and the mechanism of these 
injuries. The review covers injuries occurring in the men’s and women’s game, 
at elite and amateur levels. The nature and mechanisms of these injuries are 
compared and relations between players’ location on the field and position are 
explored, with regards to when the injury occurred. The chapter concludes 
with a summary of the review and a brief highlight of the next chapter.   
2.2. Origin of Hockey 
The origin of hockey date back 4000 years to Egypt where there are records 
of a crude form of the game being played. The game started to expand and 
around 1000 BC the game was being played in Ethiopia. Further historical 
records show that different forms of the game were played by the Romans 
and Greeks, and by the Aztec Indians, several centuries before Europeans 
landed in South America. The modern game was developed in England in the 
mid 18th century and the standardised game then spread around Europe (FIH, 
2009). 
The first Olympic Hockey Competition for men was held in London in 1908 
with England, Ireland and Scotland competing separately. After having made 
its first appearance in the 1908 Games, hockey was subsequently dropped 
from the 1912 Stockholm Games, but reappeared in 1920 in Antwerp before 
being omitted again in Paris in 1924. The Paris organisers refused to include 
hockey on the basis that the sport had no international federation, even 
though England, Belgium and France agreed to mutually recognise each 
other to regulate hockey relations. Using this as motivation Paul Léautey, 
founded the International Hockey Federation in Paris in 1924 (FIH, 2009). 
After the founding of the FIH the game of hockey spread and is now the 
worlds second most played team sport after soccer and is played in 132 
countries (Sherker & Cassell, 2002). Over the last 20 years hockey has 
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developed into a fast paced game as a result of the introduction of artificial 
playing surfaces, new hockey stick technology and new rules (Lemmink et al., 
2004). 
 
2.3. Epidemiology and Etiology of Sport Injuries 
 
Epidemiology may be defined as the “study of the occurrence and distribution 
of diseases and disorders in human populations” (Tortora & Grabowski, 2000: 
G-14). Epidemiology may be further described in two basic terms: incidence 
and prevalence. The incidence of injuries is the number of new injuries that 
occur during the period of a study and prevalence is described as the total 
number of injuries or diseases that occur at a specified point or period 
(Maffulli, Renström & Leadbetter, 2005: 33). The aims of epidemiological 
research are fivefold (Maffulli et al., 2005: 32-33):  
 
1. The quantification of the health status within a population with regards 
to time trends and diseases or injuries. 
 
2. The observation of a population with regards to definite health trends 
and relative frequencies. 
 
3. To determine the cause of a disease or injury, this will aid in the 
explanation of the origin of the disease or injury. 
 
4. To predict the amount of diseases or injury that will occur and the 
distribution of different health statuses within the population. 
 
5. To aid in the prevention of the re-occurrence of diseases or injuries, the 
prolonging of life or improvement of health status with regards to 
persons with diseases and the eradicating of present diseases or 
injuries.  
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Etiology however is the “study of the causes of disease, including theories of 
the origin and organisms (if any) involved” (Tortora & Grabowski, 2000: G-14). 
The definition of etiology states that a disease or injury may have more than 
one cause and as result the fitness and physical activity of the participants 
may be considered as risk factors and thus a possible relationship may be 
found with other potential causes of the disease or injury (Dishman, 
Washburn & Heath, 2004: 26). 
 
The present study observed multiple variables with regards to the etiology of 
an injury in hockey players, but primarily the study had to observe 
epidemiological variables as they assist in establishing the etiology. Previous 
epidemiological studies which are discussed in detail throughout Chapter 2 
describe the occurrence of injuries and the possible causes of these injuries. 
Bharti, Maman and Jaspal (2007) describe the introduction of artificial turf as 
a mechanism to hockey injuries and Naicker et al. (2006) identified 
technological advancements in the last 20 years as potential risk of incurrence 
of injuries. As a result of these studies the following section describes the 
major improvements within the modern hockey game over the last 20 years. 
  
2.4. Development of the Modern Hockey Game 
 
The development in the modern game includes aspects that have been 
mentioned previously such as the introduction of artificial playing surfaces, 
new hockey stick technology and new rules. The relationship of whether the 
new advances in the game affect players with regards to injury has been 
explored in previous studies and will be discussed in this section. 
 
2.4.1. Artificial Surface 
 
The game of hockey is a game played on a field of grass, gravel or an artificial 
surface also known as Astroturf, which is either sand-based or water-based 
(Jusoh, 2008). The hockey field of play has been standardised by the 
International Hockey Federation (FIH) as being a rectangle field, 91.40 meters 
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long and 55.00 meters wide (FIH, 2006). The FIH has developed performance 
standards for hockey pitches based on ball rebound, ball run, and deviation, 
impact, response, surface friction, dimensions, slope, smoothness, colour, 
gloss, watering, porosity and surface health (Sherker & Cassell, 2002).  The 
past two decades however have seen the game increase in speed with an 
associated increase in potential risk in injury. The increase in speed is due to 
the shift to the artificial surface which is predominately being played on 
(Naicker et al., 2006).  
 
The introduction of artificial surfaces has significantly changed the sport of 
hockey. When artificial playing surfaces were first introduced in the Montreal 
Olympics in 1976, it helped to increase the playing time and decrease the 
number of interruptions in the game (Reilly & Borrie, 1992).  
 
The artificial turf used in hockey differs from the grass used in football in a 
way that it does not try to reproduce a grass feel. It is made of shorter fibres 
which has allowed for the improvement of speed, however artificial turf is 
much harder than the natural grass which contains 75 to 80% water by weight 
(Bharti et al., 2007). Thus natural grass surfaces are believed to provide a 
greater cushioning effect and cause less strain to the lower limbs by 
absorbing 10% more energy on impact than artificial turf (Reilly & Borrie, 
1992). Artificial turf allows for consistency over the entire surface of the field 
allowing the ball to travel at a faster pace in a truer trajectory (Reilly & Borrie, 
1992). Artificial turf is also a better solution in that the environment does not 
affect the turf as it would with grass and it requires minimal maintenance 
(Bharti et al., 2007). In an earlier study researchers investigated the physical 
and physiological stresses of hockey on grass and artificial surface. It was 
found that hockey players running speed was higher on artificial surface when 
compared to running on grass either with a ball or without (Jusoh, 2008). 
 
When it comes to the types of artificial surface there are two main types, as 
mentioned earlier, the water-based and sand-based artificial surfaces. The 
sand-based surface is comparatively a harder surface which allows for a 
faster ball run and rebound. On the down side there is increased severity of 
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body damage in a fall and increased strain on lower limbs which results from 
high surface friction and low energy absorption (Sherker & Cassell, 2002). 
Furthermore the physical strain of hockey has been shown to cause spinal 
shrinkage which increases the risk of injury which is greater when playing on 
artificial surfaces than on grass (Reilly & Borrie, 1992). An epidemiological 
study by Bharti et al. (2007) showed that 39.13% of participants playing on 
artificial turf incurred injuries while only 28.57% incurred injuries playing on 
grass. Furthermore the study explained that players had a greater number of 
injuries occurring to the back on artificial turf than on grass, which was from 
the semi-crouched position that hockey players assume during participation 
which accounts for a higher spinal load (Bharti et al., 2007). 
 
Although artificial surfaces have greatly improved the modern game of hockey 
there are still disadvantages to using them and the speed and hardness of the 
artificial surface places greater physiological demands on the players and 
have changed the technical and tactical aspects of the game (Naicker et al., 
2006).  
 
2.4.2. Hockey Stick 
 
During the 1990’s the traditional wood hockey sticks were replaced with 
lighter and stronger sticks which were made from composite materials (Dick et 
al., 2007). The new hockey stick technology that was introduced allows for 
more precise and powerful manipulation of the ball (Naicker et al., 2006). 
 
Hockey sticks are usually approximately one metre long and weigh 500 to 
737g (http://www.hockeysticks.co.uk, accessed 29 May 2009). The left side of 
the stick is the striking surface and is flat, the right side is curved and it is 
illegal to hit the ball with this side. Besides the weight and length of a hockey 
stick there are three main features that play a part as far as stick design is 
concerned: the head of the stick, the material the stick is made up of and the 
bow of the stick. The head of the hockey stick has changed greatly over the 
years and is now a short U or J shape (http://www.raven.dreamhost.com/ 
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fieldhockey, accessed 14 April 2009). There are three main lengths of the 
head that are used: Shorti, Midi/Maxi and Hook. The Shorti allows for quick 
manoeuvrability of the ball, while the Midi/Maxi, which is slightly longer, allows 
for a larger hitting and stopping area and finally the Hook, which is the 
longest, allows for an even larger surface for hitting and stopping 
(http://www.usfieldhockey.com, accessed 14 April 2009). Besides the normal 
playing sticks, goalkeepers often utilise a hockey stick with a different shaped 
shaft and head. The shaft is kinked offering a greater save area 
(http://www.raven.dreamhost.com/fieldhockey, accessed 14 April 2009). 
 
The material that makes up a hockey stick allows for a varied amount of 
stiffness and the choice for a novice player would be a flexible stick as it 
absorbs most of the shock and tends do be more durable than their stiffer 
counterparts. For advanced or elite players they generally opt for a stiffer stick 
as it allows for increased power (http://www.usfieldhockey.com, accessed 14 
April 2009). Manufacturers use varying materials for the production of a stick, 
to promote either stiffness or flexibility. Composite sticks have increased 
greatly in popularity in the last decade and revised international definitions of 
the stick at international level allow the stick to be made of or contain wood or 
any material other than metal or metallic components, provided it is fit for the 
purpose of playing hockey and is no risk to ones health. The main materials 
that are used for reinforcing modern sticks are as follows:  
 
 Fibreglass: A basic material which is used for reinforcing the handle. 
Fibreglass adds strength and durability, thus helps to prevent wear. 
 
 Carbon (or graphite): One of the most effective stiffening materials is 
added in the handle which allows for increased hitting power for 
experienced players. However, in cold temperatures, a stick with 
carbon tends to transmit the shock from the head, through the shaft up 
to the hands.  
 
 Kevlar® (or Aramide): This manmade organic fibre adds strength to 
the handle while dampening the vibration to the hands. The more 
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Kevlar in the stick, the less shock is felt, yet the fibres still allow for 
flexibility and a smooth "feel" of the ball when hitting and receiving.  
 
 Dyneema®: Added over the stiffening and strengthening materials at 
the base of the shaft for impact resistance. Dyneema is a polyethylene 
fibre characterized by its high impact strength and high energy 
absorption qualities (http://www.usfieldhockey.com, accessed 14 April 
2009). 
 
 Resin: A range of glue-like substances that dry to form a very strong, 
hard, wear-resistant material. The resin helps to protect the stick from 
the playing surface, it is also used as a bonding agent to secure 
materials such as fibreglass, Kevlar and carbon fibre which occurs 
normally in wooden sticks or it is used mainly as the constituent of a 
composite stick, holding together the underlying strengthening and 
stiffening fibres (http://www.hockeysticks.co.uk, accessed 29 May 
2009).  
 
Composite hockey sticks are manufactured by using woven fibres which are 
pre-soaked in resin and are then baked in a mould to combine the different 
elements to take on the desired shape, profile and strength characteristics.  
 
The bow of the hockey stick is the amount of curvature from the handle of the 
stick to the head. It is measured by placing a stick flat on a flat surface and 
measuring the maximum distance from the shaft down to the surface. The 
bow of the modern day hockey stick has been limited by the FIH to 25mm 
after sticks that were up to 50mm were found to be producing speeds of up to 
145 km/h when players were drag flicking in short corners. The hockey sticks 
producing speeds of 145 km/h resulted in a number of well publicised injuries 
subsequently leading the FIH to install rule changes (http://www.hockeysticks. 
co.uk, accessed 29 May 2009). 
 
Sherker and Cassell (2002) explained that the combination of the new head 
and shaft with the improved new stick materials has allowed for the hockey 
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ball to be manipulated with increased speed. The increased speed creates a 
game which has a faster pace and thus potentially increases the demands 
placed on the players physically. Sherker and Cassell (2002) state that the 
most serious injuries in hockey occur from being struck by a stick or ball and 
found that 74% of injuries were caused from being struck by or colliding with 
an object. Furthermore, being struck by a hockey stick accounted for 40.8% of 
the colliding or being struck by objects group. 
 
2.4.3. Ball 
 
The hockey ball that was utilised was originally a cricket ball which had a cork 
centre, string wound and covered with leather. However hockey balls have 
come a long way since cricket balls and are now usually constructed of a 
composite core with a PVC outer or a PVC cover (http://www.raven. 
dreamhost.com/fieldhockey, accessed 14 April 2009). The FIH requires that 
the ball must be spherical, must have a circumference of between 224mm 
and 235mm, must weigh between 156 grams and 163 grams and may be 
made of any material and coloured white or an agreed colour which contrasts 
with the playing surface (FIH, 2009). Matches normally utilise dimpled balls 
which are similar to the indentations seen on a golf ball. Since the hockey ball 
may travel up to speeds of 160 km/h when hit by a player and considering the 
composition of the ball, it can make the sport rather dangerous for goalies and 
players alike since players generally wear no protection above the shin and 
generally no mouth guards (http://www.raven.dreamhost.com/fieldhockey, 
accessed 14 April 2009). 
 
Sherker and Cassell (2002) reviewed studies by Fuller (1990) and Jamison 
and Lee (1989) which accounted for 30 to 32% of ball injuries on synthetic 
surface and 42% of ball injuries on grass, which in both cases was higher 
than the number of stick injuries reported. 
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2.4.4. Footwear 
 
Another development in the modern game is the footwear a hockey player 
utilises. When playing on grass surfaces, boots that have moulded cleats are 
ideal, however this type of footwear is not suitable for artificial surfaces. 
Artificial surfaces require shoes with non-slip grips. Sherker and Cassell 
(2002) found that the choice of good footwear has been linked with important 
proprioceptive functions in the foot, which may be a factor in the prevention of 
ankle sprains and strains. With water-based artificial surfaces the water that is 
applied before a game increases the wear and tear of the hockey shoe, which 
can then result in poor traction and a loss of foot support. Another aspect is 
that the correct choice of footwear is important in the prevention of overuse-
type running injuries and since running is such an integral part of hockey it is 
important that the hockey player chooses the correct footwear to match the 
conditions of the pitch (Sherker & Cassell, 2002). 
 
2.4.5. Gloves 
 
The use of gloves by hockey players is not a common sight, even despite the 
high number of hand and finger injuries to hockey players. Sherker and 
Cassell (2002) discovered that the hands and fingers of a hockey player are 
often struck by the ball, the stick or when players collide with the ground or 
each other. Gloves offer protection to the hands and fingers from ball and 
stick injuries. Research has found that the right hand is possibly more 
vulnerable to extrinsic injury than the left hand as a result of the right hand 
being held lower down on the hockey stick. The glove is often underutilised by 
the hockey player (Sherker & Cassell, 2002). 
 
2.4.6. Mouthguards 
 
Damage to the teeth from a hockey stick is usually severe and is normally 
irreversible (Bolhuis, Leurs & Flogel, 1987). So most dental injuries don’t heal, 
they can only be repaired and even the best repair has a limited lifespan. 
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Mouth protectors or mouth guards are an effective way in preventing dental 
injuries in hockey (Bolhuis et al., 1987). Informed hockey players would know 
of the importance of mouth protection and the availability of well-designed 
mouthguards. A well-designed mouthguard should fit correctly, should be 
light, comfortable, strong, and durable and should not inhibit speech and 
breathing in anyway. Furthermore a well-designed mouthguard provides 
protection by (Sherker & Cassell, 2002):  
 
 decreasing the risk of the front teeth being injured, especially the upper 
front teeth, which has shown to be reduced up to 90% 
  
 preventing any laceration to the lips, jaws and cheeks from the teeth 
 
 reducing the risk of jaw fracture 
 
 decreasing the risk of concussion, which is done by the mouthguard 
absorbing and dispersing the force received to the jaw from an impact  
 
Bolhuis et al. (1987) reported that 54% of international players had received 
injuries to the face or mouth and causing them to visit a physician or dentist. 
Of these players 20% had sustained dental injuries at least once during their 
hockey career. 
 
2.4.7. Shin guards 
 
Shin guards are designed to protect the shin from forces that may lead to 
injury to the lower extremity. The shin guards that are used in hockey are 
similar to those that are used in soccer and can be slipped into the socks 
(Sherker & Cassell, 2002). The development of the shin guard has improved 
in protecting the shin in the last 20 years as it used to be made of moulded 
foam, but now they are covered with a hard plastic shell (Dick et al., 2007).  
The shin guard thus protects the hockey players from any strikes from a 
hockey stick or ball to the shin.  
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Experiments have been performed on the shin guards to test the 
protectiveness and durability of a pendulum force delivered to the shin region. 
This pendulum force simulated one player kicking another, and showed that 
load forces to the lower leg were reduced by 41 to 77% with the use of shin 
guards (Bir, Cassatta & Janda, 1995). The conclusion was that the shin 
guards attenuated the force of impact to the tibia and thus decreased the risk 
of injury, but there is no epidemiological evidence that backs this claim (Bir et 
al., 1995). Although this test is not a prime example for hockey as it is not a 
simulation of a ball or stick hitting the shin region, hockey players are strongly 
advised to wear shin guards during matches and training. These shin guards 
should also follow requirements such as being properly fitted for the player so 
that they do not slip out during running, that they are light and that they are 
comfortable enough so they do not impede play. Although there is not much 
evidence on hockey shin guards providing sufficient protection, studies and 
the FIH advised strongly on the utilisation of them by players (Sherker & 
Cassell, 2002). 
 
2.4.8. Goalkeeper Equipment 
 
 Hockey goalkeepers dress similar to ice hockey goalkeepers, which have 
facemask, throat guard, chest protector, mouthguard, large thigh pads, extra-
thick shin guards and large gloves all in common. The hockey goalkeeper 
must wear secured protective headgear, pads, kickers and hand protectors, 
and all of their equipment may not have any sharp protruding edges (Sherker 
& Cassell, 2002).  
 
Goalkeepers’ pads are generally constructed from high tech foams which 
allow the pads to be extremely lightweight while still allowing for protection 
and shock absorbance. One disadvantage of the high tech foam is the 
increased rebound distance the pads generate which allows the ball to travel 
further, which could produce a dangerous situation for the goalkeeper by 
 21
giving the ball back to the attackers (http://www.raven.dreamhost.com/ 
fieldhockey, accessed 14 April 2009). 
 
The protection for the goalkeepers’ feet comes in the form of a kicker as it is 
known, which is used quite often to stop and kick the ball. The kicker is a 
protective boot which is constructed of foam and is strapped on to the 
goalkeepers’ shoes. Kickers used to be made of leather with a square toe 
which had a metal plate in the front, and these types of kickers did not offer 
the goalkeeper much protection. The foam kickers that were introduced allow 
for increased protection and are far superior to the metal toe kickers 
(http://www.raven.dreamhost.com/fieldhockey, accessed 14 April 2009). 
 
Goalkeepers’ gloves differ for each hand as the one hand is used for blocking 
or stopping in hockey and the other is used to hold the hockey stick. The left 
hand is very well protected as the palm of the hand is generally used for 
blocking while the right hand is padded to protect the hand, fingers and thumb 
while allowing the stick movement not to be hindered (http://www.raven. 
dreamhost.com/fieldhockey, accessed 14 April 2009). 
 
The other equipment a goalkeeper utilises consists of a chest protector, a 
helmet, a throat protector, padded pants and shoulder and arm pads. The 
chest protector is generally constructed from high-tech foams 
(http://www.raven.dreamhost.com/fieldhockey, accessed 14 April 2009). The 
goalkeepers’ helmet must be worn at all times; a match may not start nor 
continue with the goalkeepers’ helmet off (Sherker & Cassell, 2002). A throat 
protector is often attached to the helmet (http://www.raven.dreamhost.com/ 
fieldhockey, accessed 14 April 2009). This protects against any injury due to a 
ball or stick strike to the oesophagus (Sherker & Cassell, 2002). The 
goalkeeper also wears padded pants as the leg pads do not cover most of the 
upper leg and abdomen (http://www.raven.dreamhost.com/fieldhockey, 
accessed 14 April 2009). Goalkeepers’ equipment has had to evolve to 
become hi-tech equipment that can withstand the requirements of a high 
performance sport (Merret & McLaughlin, 2003). 
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2.4.9. Rules 
 
The FIH governs the game of hockey and the rules that apply. Their 
objectives are to maintain the safety of the game of hockey, to decrease the 
number and duration of interruptions to the flow of play and to increase the 
length of time the ball is in active play, to name relevant ones (FIH, 2009).  
 
Certain rules in hockey must be implemented to eliminate the risks of injury. 
This makes it important for the officials to interpret these rules consistently. 
One of these rules is to not allow the player to lift their stick over the head of 
another player; if this is not adhered to it could lead to contusions and/or 
lacerations to another player. Further rules protect the players from a raised 
ball and the rulebook states that players shall not intentionally raise the ball 
from a hit except for a shot on goal. The official will judge if there is a risk of 
injury or not from a lifted ball and play will be penalised accordingly. When a 
ball is lofted into the air the player receiving may receive and control the ball 
onto the ground, while the opponent must retreat five metres and wait for the 
ball to be under control to avoid any dangerous play (FIH, 2009).  When a 
player is flicking the ball the opponent must be five metres away otherwise it 
is regarded to be dangerous and becomes the opponents’ ball (FIH, 2009). 
Any ball that is lifted into the circle is not necessarily considered dangerous, 
such as a ball being lifted over an opponent’s stick or a grounded body, only if 
it is not considered dangerous by the official. The lifting of the ball over an 
opponent’s stick or grounded body is also considered for passes into the 
circle which the official judges on risk (FIH, 2009). 
 
The development of rules for goalkeeper’s safety has reduced the risk of 
injury drastically. One of the rules now requires the ball, when struck in a short 
corner, must hit the backboard, and may not hit any higher than that, although 
the ball may be flicked into the net (FIH, 2009). Although one of the problems 
that have developed is that the goalkeeper lie down and try to block the ball, 
which may result in an increase in head injuries. Finally the number of players 
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defending a short corner has been reduced to four; this reduces in chance of 
deflection and improves the safety of the goalkeeper. 
 
An important rule that has been implemented is that the game must be 
stopped for any bleeding player and he must leave the field of play. Any 
clothes or players with blood stains may not continue play in these conditions. 
The reason behind this is because of blood borne pathogens that may be 
transferred to another player with an open wound, examples of these would 
be Hepatitis B and C and Human Immunodeficiency Virus (HIV). 
 
Over the last 20 years the game of hockey has become a faster paced game, 
with greater risk of injury (Naicker et al., 2006). Rule changes increase the 
pace of the game and try not to allow for interruptions while they try to make 
the game safer (FIH, 2009). 
  
2.5. Analysis of the Activity 
 
Hockey is considered as a high intensity non-continuous game where all kinds 
of explosive actions are performed (Elferink-Gemser et al., 2006). This section 
will describe the movement patterns of a hockey player that are required 
during a game, the energy systems that allow a hockey player to perform at 
optimum levels and the characteristics of an ideal hockey player.  
 
2.5.1. Time-motion Analysis 
 
Time-motion analysis is used to monitor the movement patterns of hockey 
players in a match. One of the major components of a hockey player is their 
repeat-sprint ability (Jusoh, 2008).  Spencer, Rechichi, Lawrence, Dawson, 
Bishop and Goodman (2004) investigated the movement patterns of elite 
players and their repeat-sprint ability during an international match. It was 
found that the majority of the time was spent at low intensity motions, which 
were standing, walking and jogging; these values were 7.4±0.9%, 46.5±8.1% 
and 40.5±7.0%, respectively. These values were compared to the time spent 
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striding and sprinting, which were 4.1±1.1% and 1.5±0.6%, respectively. For 
this study repeated-sprint activity was defined as the minimum of three 
sprints, with mean recovery duration between sprints of less than 21 seconds. 
This was met on 17 occasions for all players during the match. A further study 
was conducted by Spencer, Rechichi, Lawrence, Dawson, Bishop and 
Goodman (2005) over three matches. The sprint percentages were 1.5±0.8%, 
1.2±0.4% and 1.0±0.3% for the respective matches. The drop was a result of 
the matches being played within a short period of time. But in each case 90 to 
95% of the sprints only required 21 seconds of recovery before the next 
sprint, furthermore 91 to 95% of the time the recovery was active (Spencer et 
al., 2005). The investigation shows that the repeated-sprint activity during 
competition adds to the unique physiological demands of elite hockey 
performance (Spencer et al., 2004). 
 
2.5.2. Energy Systems 
 
As explained in the last section, match analyses has shown hockey to be a 
high intensity non-continuous game, as result of this the physiological 
demands placed on a hockey player are considerable (Elferink-Gemser et al., 
2006). So the energy systems that are required are both the anaerobic and 
aerobic systems (Foss & Keteyian, 1998). Foss and Keteyian (1998) place 
hockey in the category of having a low static nature of exercise whilst having 
a high dynamic nature and is thus generally situated in the aerobic side of the 
scale. During a hockey game energy expenditure ranges from 61.1 kJ per min 
for a left forward, to 83.0 kJ per min for the centre midfield position (Boyle, 
Wallace & Mahoney, 1994). This is a result of players having to perform 
multiple types of explosive actions such as intermittent sprinting that involves 
changing direction, cruising and dribbling the ball, which places hockey in the 
category of heavy exercise.  Elite hockey players need a well developed 
interval endurance capacity as this allows them to perform high intensity 
activities such as sprinting, as well as the ability to perform low intensity 
activities such as walking or jogging to allow for recovery. As a result for 
energy requirements to be met an elite hockey player needs a high aerobic 
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capacity. Although great anaerobic capacity is still needed to perform many 
brief bursts of high energy release, the aerobic capacity is needed for 
recovery during the short rest periods thus the aerobic capacity of an elite 
hockey player plays a major role in their performance (Elferink-Gemser et al., 
2006).   
 
2.5.3. Player Characteristics 
 
The hockey player has had to develop physiologically to meet the physical 
standards that are required with the technical evolution that has occurred 
within the sport. The somatotypes of hockey players has been shown to range 
from back line hockey players who tend to be heavier as they require power to 
midfield players who regularly perform repeated sprints efforts (Jusoh, 2008). 
Despite this there has been a general trend away from ectomorphy to 
mesomorphy (Reilly & Borrie, 1992). While Scott (1991) developed a 
database of physical norms for elite male hockey players which showed a 
mean stature of 176.3cm and mass of 75.2kg identifying the players as 
ectomesomorphic, with a relative percentage body fat of 11.1%. Durandt, 
Evans, Revington, Temple-Jones & Lamberts (2007) found that since there 
have been numerous rule changes within the game and profound 
improvements in equipment all to evolve the game into a faster, more physical 
and highly technical sport, there needs to be further research done to develop 
a new database of physical norms. They found that the mean height and 
mass of an elite hockey player were 178±8cm and 75±9kg respectively, which 
is not a major change from Scott (1991) findings. Bhanot and Sidhu (1983) 
studied the anaerobic power of players with relation to their position. They 
found that goalkeepers possessed the maximum and the forwards the 
minimum anaerobic power output.  The backs were found to be the heaviest, 
followed by midfielders, goalkeepers and forwards. In each set of positions 
the players that were heaviest were found to possess the greatest anaerobic 
power (Bhanot & Sidhu, 1983). The anaerobic power output has been shown 
to be the same as soccer players, while higher than other sports (Reilly & 
Borrie, 1992). One difference found by Durandt et al. (2007) was that hockey 
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players have a higher upper body strength when compared to soccer players 
which is due to the fact that hockey players have to wield a hockey stick. 
 
Energy expenditure in hockey has been estimated to range from 36 to 50 
kJ.min-1 by Reilly and Borrie (1992) to 61.1 to 83.0 kJ.min-1 by Boyle et al. 
(1994). One further study found that the mean energy expenditure was 47.3 
kJ.min-1 which backs up Reilly and Borrie (1992) (Jusoh, 2008). The maximal 
oxygen consumption of hockey players is known as their VO2max which is 
either measured in litres per minute (L.min-1) or millilitres per kg body weight 
per minute (ml.kg-1.min-1). The benchmark measurement for maximal aerobic 
power is considered to be VO2max. A high level of aerobic fitness is 
predominately required for hockey. A high level of aerobic fitness is further 
required for a superior anaerobic fitness which is needed during sustained 
intermittent activities, such as those found in hockey. Playing on artificial 
surface has shown that the aerobic demand was 2.26 L.min-1 and energy 
expenditure was 47.3 kJ.min-1 which is 18% higher than what was required on 
grass. Further studies have found that the mean estimated VO2max for nine 
Irish international hockey players was 48.2 ± 5.5ml.kg-1.min-1 (Jusoh, 2008). 
Another study on 14 Australian male players was shown to have a mean 
VO2max of 57.9 ± 3.6ml.kg-1.min-1 during an international game (Spencer et 
al., 2005). Reilly and Borrie (1992) back this data up by reporting that the 
range of VO2max values is from 48 to 65ml.kg-1.min-1, while stating further 
that an elite hockey player would need to have a VO2max value of above 
60ml.kg-1.min-1. Lastly VO2max values were found to vary according to 
players’ position. The values were shown to be 47.0 ± 1.9ml.kg-1.min-1 for 
goalkeepers, 49.8 ± 7.0ml.kg-1.min-1 for defenders, 48.9 ± 7.3ml.kg-1.min-1 for 
forwards and 47.1 ± 0.3ml.kg-1.min-1 for midfielders (Jusoh, 2008). 
 
Although physical measurements were not performed in the present study 
the player characteristics still play a major role in the players’ ability to 
perform at an elite level. An example of poor fitness leading to injury 
would be when in a game of hockey there are movement patterns that 
change every five seconds, such as at an elite level. This requires 
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considerable amounts of energy to perform eccentric contractions such as 
accelerating and decelerating.  As a result of these movements the 
eccentric exercise leads to a higher tension per cross-sectional area of 
active skeletal muscle fibres and may therefore result in severe damage to 
the muscle cell (Spencer et al., 2005). Improper recovery could lead to an 
increased risk for injury. 
 
2.5.4. Player Preparation and Training 
 
Besides the importance of the role that the aerobic and anaerobic energy 
systems play in hockey, other physical aspects are needed to participate at a 
high intensity in hockey. Hockey is considered to be an aerobic sport and 
although the muscles depend less on strength training than a power sport 
would need, the conditioning program of a hockey player should include a 
major component of strength training (Faigenbaum & Westcott, 2000: 188). 
The reason for the inclusion of strength training for hockey is that any physical 
action utilises a percentage of the maximum strength in the muscle and 
therefore a stronger hockey player will have an advantage over a weaker 
player, which is specifically true in sports that include rapid stop and start 
activity as well as brief periods of acceleration and deceleration (Faigenbaum 
& Westcott, 2000: 188).  Although hockey is a sport that focuses on leg 
endurance and strength (Price, 2003: vii) and upper body training may not be 
of great importance, strength conditioning will still benefit a hockey player with 
regards to a hockey swing and gripping a hockey stick (Faigenbaum & 
Westcott, 2000: 189). The conditioning of core muscles of a hockey player 
needs to be included as the striking action in hockey requires a player to 
transfer efficient force from the legs to the upper body and this is 
accomplished by the core muscles (Faigenbaum & Westcott, 2000: 188). 
Besides the strengthening exercises needed for hockey, it is a game that 
includes activities such as running, turning, twisting and stretching as 
described by Sherker and Cassell (2002), which shows that agility, 
proprioceptive/balance and flexibility training are all required. Agility may be 
explained as the ability of a player to change direction rapidly while 
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maintaining balance, without a loss of speed, which is an important 
performance component that is necessary for the player to possess if they 
want to compete at an elite level (Lemmink et al., 2004).  A study by Dick et 
al. (2007) explained that athletes with a history of ankle sprains should 
partake in conditioning programs which include balance training exercises. 
 
2.6. Injuries Occurring within Hockey 
 
As shown in the previous sections, there are numerous factors that may 
contribute to the injuries which occur in hockey. This section looks at the 
incidence and mechanism of hockey injuries including reference to anatomical 
site. An additional part of the section will describe whether the positional role 
of a player is the cause for an increase or decrease in injury rate which is 
explained from findings by Merret and McLaughlin (2003) and Dick et al. 
(2007) and whether there is any correlation thus far found between the injury 
and the location on the field where the injury has taken place. 
 
2.6.1 Incidence of Hockey Injuries 
 
Measuring injury incidence may be done by using the unit athlete-exposure, 
which is the unit of risk of when an athlete is exposed to a possibility of an 
injury (Arendt et al., 1999). Therefore the injury rate is generally defined as 
the number of injuries per 1000 hours of player activity time (Wong & Hong, 
2005) or number of injuries per 1000 A-E in a match or practice where there is 
a risk of injury (Arendt et al., 1999). Another unit used for describing the 
incidence of injury is the number of injuries per player within a certain period. 
One major problem is being able to compare different studies as they differ in: 
age, gender, skill level of the participants, the definition of injury, the surface 
played on, the exposure time, the length of the research period and the 
method utilised for reporting results (Sherker & Cassell, 2002). Nevertheless, 
following is a review of studies that describe the incidence of injury in hockey 
with regards to differing variables. 
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Dick et al. (2007) reviewed 15 seasons (1988-2003) of women’s National 
Collegiate Athletic Association (NCAA) injury surveillance data to identify 
potential areas for prevention of hockey injuries. They found that match injury 
rates decreased over the 15 years by 2.5% while the practice injury rates 
made a small annual increase of 0.3%. The rate of injury over all the seasons 
was found to be twice as high during matches than practices and these were 
7.87 injuries per 1000 A-E and 3.70 injuries per 1000 A-E (n=5385), 
respectively. A further study in American high schools by Powell and Barber-
Foss (1999) shows that the injury rate for females was 4.9 injuries per 1000 
A-E during matches and 3.2 injuries per 1000 A-E during practices from 1995 
to 1997 seasons, which again highlights the fact that injuries occur at a higher 
rate during matches than practices. These studies may not be comparable to 
a study by Naicker et al. (2006) which found that the overall incidence of injury 
was 6.32 injuries per 1000 hours of participation for provincial women’s 
hockey players, but it does allow for comparison with the Dick et al. (2007) 
review with regards to injuries occurring during matches. Naicker et al. (2006) 
found that 75% of the injuries occurred during matches which is similar to the 
percentage of injuries occurring during match time in the Dick et al. (2007) 
review, which when calculated works out to be 68% (7.87 injuries/1000 A-E).  
 
Research by Stevenson et al. (2000) on non-elite participants found that the 
incidence of injury was 15.2 injuries per 1000 hours of participation (n=290) 
which is more than double the results found by Naicker et al. (2006). Naicker 
et al. (2006) further described the incidence of injury as 0.98 injuries per 
player (n=47) for the 2004 season. This may be compared to the Sherker and 
Cassell (2002) review of numerous studies describing incidence of injury as 
injuries per player. 
 
The first study reviewed, by Lindgren and Maguire (1985), studied elite 
Australian hockey players over 12 months which resulted in an incidence of 
3.1 injuries per player for males (n=16) and 5.0 injuries per player for females 
(n=12). A subsequent study, by Jamison and Lee (1989), found that the 
incidence of injury for elite Australian female players was 0.78 injuries per 
player (n=110) on a grass surface and 0.97 injuries per player (n=95) on 
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Astroturf. The study concluded that the injury rates on Astroturf are 
significantly higher than those on grass (p<0.0001). 
 
The next study reviewed was by Fuller (1990) which reported 135 injuries in 
the 100 hours of play that was observed over two seasons of elite British 
female hockey players on three different types of synthetic surfaces. The 
incidence of injury was shown as 1.34 injuries per hour of play. The Jamison 
and Lee (1989) and Fuller (1990) studies cannot be compared, firstly Fuller 
(1990) did not indicate the number of participants and secondly in Jamison 
and Lee (1989) study the data was self reported by the players regardless of 
severity which showed reliance on the players to report their own injury. The 
Fuller (1990) study however defined an injury as one requiring treatment by 
the attending team physiotherapist during or because of play.  
 
A study by Freke and Dalgleish (1994a) on an elite squad of female hockey 
players from the Queensland Academy of Sport (QAS) showed that the 
incidence rate was 2.37 injuries per player over their whole hockey playing 
career (n=40, mean age = 21.6 years). Only two of the players had never 
been injured in their career (Sherker & Cassell, 2002).  
 
Studies have used incidence of injury in hockey to be compared to other 
sports. Cunningham and Cunningham (1996) conducted a study on the injury 
surveillance of the Australian University Games where hockey had the highest 
incidence of injury when compared to 18 other sports. A study by Stevenson 
et al. (2000) found that hockey had the second highest incidence of injury of 
15.2 injuries/1000 hours of participation with Australian football having the 
highest of 20.3 injuries/1000 hours of participation. A further two sports were 
reported as having a lower incidence of injury, these were basketball and 
netball (Stevenson et al. 2000). Hockey was shown to have the highest injury 
rate when compared to basketball and soccer in Nigerian men, which makes 
the point that the main reason for the high rate was from no proper 
preventative measures being present against injury (Mathur, Salokun & 
Uyanga, 1981). Soccer studies such as the Hägglund, Waldén and Ekstrand 
(2005) study depicted the injury incidence to be 9.4 injuries per 1000 hours of 
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exposure during the Union of European Football Associations (UEFA) 
Champions League, 2001 to 2002 season. Furthermore in soccer the 
incidence of injury was 12.2 injuries per 1000 hours of exposure at the 
Queensland Academy of Sport (QAS) in Australia, in 1994, for elite female 
soccer players (Lilley, Gass and Locke, 2002). 
 
2.6.2 Mechanism and Location of Injury 
 
The incidence of injuries in hockey usually occurs because of a multiple 
mechanisms. Sherker and Cassell (2002) collected data from the Victorian 
Hospital Emergency Department in Australia with regards specifically to 
hockey injuries from January 1996 to December 1997 (n=292). The results 
showed that 74% of the injuries were due to a player being struck by or 
colliding with an object such as the ground, ball or stick. The mechanism of 
the injuries were divided further showing that 40.8% of all injuries were from 
being struck by a hockey stick, while 23.3% were from being struck by a ball 
and 11% from falling. The most common nature of these injuries was open 
wounds (20.5%), fractures (16.4%), sprains and strains (14.7%) and 
superficial wounds (12.0%). With regards to collision and “struck-by” injuries 
the results showed that 24.4% were open wounds, 14.5% were superficial 
wounds, 14.1% were fractures and 11.5% were sprains and strains. The 
results for fall injuries were reversed for sprains and strains (39.5%) and 
fractures (23.7%), 7.9% of these injuries were dislocations (Sherker & 
Cassell, 2002).  
 
The most common body site that was injured in the Sherker and Cassell 
(2002) study was the upper limb (31.7%) which consisted of injuries to the 
hand (19.2%), forearm (4.5%), wrist (3.8%), elbow (2.1%) and shoulder 
(2.1%). Injuries occurring to the face accounted for 24.3% of the hockey 
injuries presenting to the hospital’s emergency department, but only 5.6% of 
them were admitted, these did not include eye injuries as they were coded 
separately. Injuries to the lower limb (12.7%) consisted of injuries to the ankle 
(4.5%), foot (3.1%), knee (2.7%), lower leg (1.4%) and thigh (1.0%). Finally 
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head (5.1%) and eye injuries (3.4%) had the lowest frequencies, but head 
injuries had a 25% admission rate with eye injuries having a 10% admission 
rate. The average for admission rate for the duration of the study was 4.5%, 
which shows the seriousness of hockey injuries to the head and eyes in 
hockey (Sherker & Cassell, 2002).  
 
Sherker and Cassell (2002) further reviewed a number of studies which 
showed a predominance of injuries to the lower limb, with special mention of 
high ankle injury rates. The predominance of injuries to the lower limb in the 
review reports a reversal of the hospital results, as the lower limb is reported 
to be injured at a lower rate when compared to the upper limb. The most 
common mechanism was revealed to be extrinsic injuries resulting from being 
struck by the stick or hockey ball. At an elite level of play the studies showed 
that overuse injuries were a concern and the effects of different playing 
surfaces weren’t clear (Sherker & Cassell, 2002). 
 
A study by Dick et al. (2007) on the mechanism and anatomical site of hockey 
injuries occurring from 1988-2003 in National Collegiate Athletics Association 
women’s hockey, reported figures for both practices and matches. These 
results are reflected in Table 1. 
 
Table 1: Percentage of match and practice injuries by major body part,           
women’s hockey, 1988–1989 through 2002–2003 (Dick et al., 2007) 
 
Body Part Matches (%) Practices (%) 
Head/neck 25.3 8.4 
Upper extremity 20.7 8.1 
Trunk/back 7.1 16.2 
Lower extremity 43.2 60.2 
Other/system 3.8 7.1 
 
The study by Dick et al. (2007) reported that the lower extremity was injured 
at the highest frequency during matches and especially practices. The head 
and neck was shown to have the second highest frequency of injury during 
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matches, which is closely followed by the upper extremity. The study went on 
further to report that the mechanisms of these injuries were divided into three 
sections: player contact, other contact (e.g. with balls, sticks and ground) and 
no contact. In Figure 1 the majority of match injuries resulted from other 
contact (59.8%) mechanisms, while 26.3% of the injuries resulted from no 
contact and finally 13.0% were from player contact. The practice results report 
a 37.7% increase in no contact injuries (64%).  The results in Dick et al. 
(2007) studies support the findings of Sherker and Cassell (2002) with 
regards to the majority of match injuries resulting from other contact 
mechanisms such as the stick or ball. 
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Figure 1: Mechanisms of practice and match injuries (Dick et al., 2007) 
 
Naicker et al. (2006) set out to determine the incidence of ankle injuries 
amongst provincial female hockey players in KwaZulu-Natal. The study 
reported the majority of hockey injuries occurring were to the ankle joint 
(25.5%), which supports the Sherker and Cassell (2002) review, and 
furthermore indicates that the most common mechanism of injury to the ankle 
was from falling (Naicker et al., 2006). The results from Naicker et al. (2006) 
may be seen in Figure 2. 
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Figure 2: The Incidence of hockey injury to the joints with the 
mechanisms of ankle injury (Naicker et al., 2006) 
 
Further studies such as Naicker et al. (2006) also concentrate on specific 
hockey injuries and the importance of these injuries. 
 
2.6.3 Type of Injury 
 
Dick et al. (2007) found that the most common types of injuries in matches 
were: ankle ligament sprains (13.7%), knee internal derangement injuries 
(10.2%), concussions (9.4%), upper leg muscle strains (7.0%), and finger 
fractures (6.5%). In practices, upper leg muscle strains were reported to 
account for 26.9% of all the injuries, this was followed by ankle ligament 
sprains (15.0%), pelvis-hip muscle strains (9.9%) and knee internal 
derangements (7.8%). Furthermore Dick et al. (2007) reported that 
participants had a six times higher risk of sustaining a concussion during a 
match than a practice. 
 
Bolhuis et al. (1987) found that 54% of international hockey players in their 
study had sustained injuries necessitating a visit to a physician and/or dentist. 
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Of the 54%, 20% had sustained serious dental damage at least once with a 
slightly higher rate in males (22%) than females (16%) (Bolhuis et al., 1987). 
 
A study by Murtaugh (2001) found that 38 of 239 (16%) lower limb injuries 
were muscle strains while Sherker and Cassell (2002) had reported 11% of all 
hockey injuries were muscle strains of the calf and hamstring. The reason for 
this has been described as a decrease in length of the hamstring muscles 
which is a result of a muscle and connective tissue shortening adaptation 
(Hopper, Conneely, Chromiak, Canini, Berggren & Briffa, 2005). 
 
Another study from Merret and McLaughlin (2003) reported findings that 
supported Dick et al. (2007) and Sherker and Cassell (2002) review, 
which were a higher frequency (80%) of hockey injuries to the lower 
extremity/limb. The study involved women hockey players selected for a 
2002-2003 State Hockey Team (n=22) and found that the most common 
injury was an inflammation or bruising process (n=21), with these injuries 
predominantly occurring in the lower limb. Other prevalent injuries 
consisted of joint sprains (n=15) and muscle hypertonicity (n=15) which 
either occurred as an ankle sprain or thigh hypertonicity. Lastly, the 
majority of muscle strains (n=12) were found to occur in the thigh area and 
included the quadriceps, hamstring and adductor muscle groups (Merret & 
McLaughlin, 2003).  However, the total number of injuries that occurred in 
the Merret and McLaughlin (2003) was not indicated, which does not allow 
for percentages to be calculated for types of injuries occurring. 
 
2.6.4 Injuries Associated with Playing Position and 
Player’s Location on the Field 
 
The study by Merret and McLaughlin (2003) also related hockey injuries to 
the playing position where they occurred. Research had suggested before 
the commencement of their study that injuries to goalkeepers would be 
the highest as a result of a high amount of play occurring in and around 
the striking circle. Midfield players were expected to be second as they 
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spent more time at higher intensities, which resulted from frequent 
tackling, time on the ball and the type of defence a midfield player would 
use (Merret and McLaughlin, 2003). The study found however that 
forwards sustained 44% of all the injuries during the season; this was 
followed by midfielders (23%), goalkeepers (18%) and backs (15%). Of 
the injuries that occurred to forwards, inflammation and bruising to the 
ankle joint were most prevalent (n=6). With regards to the midfielders, 
thigh (n=6) and knee injuries (n=6) occurred the most with hypertonicity 
being the most common type of injury. The study however once again 
does not reveal how many total injuries occurred to each position, so no 
percentages may be calculated. For the study, 45.5% of the players were 
treated for back pain with the majority of these players being midfielders 
or backs. The reason for the midfielders receiving back pain was 
described as them having to spend a longer duration at a higher physical 
intensity with a higher percentage of time spent dribbling the ball. The 
reason for the high incidence of back pain among backs was ascribed to 
the fact that they had the highest average age group of 27.6 years. The 
study concluded that there were no significant differences between types 
of injuries and the position played (Merret & McLaughlin, 2003). 
 
Dick et al. (2007) also relate reported injuries to the position the injured 
player was playing at the time. In Figure 3, the results show that 
midfielders (27.6%) had a higher frequency of injury, which was followed 
by backs/defense (23.6%), forwards (22.4%), goalkeepers (19.5%) and 
unknown (6.9%). Comparing the two studies shows that the values 
obtained by Dick et al. (2007) are more representative as the study was 
over a duration of 15 seasons and had 5385 participants.  
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Figure 3: Percentage of injuries versus the player’s position at the 
time of the injury (Dick et al., 2007) 
 
Finally Dick et al. (2007) compared the player’s location on the field to the 
occurrence of injuries (Figure 4) and found that more than two thirds of the 
injuries occurring during matches were inside the 25 yard line (40.8%) or in 
the goal area (25.8%), while 33.3% occurred in an unknown area outside of 
the 25 yard line. 
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Figure 4: Percentage of injuries versus location on the field the injuries 
had taken place (Dick et al., 2007) 
 
2.7. Summary 
 
It can be seen that hockey has become an extremely widespread sport, which 
is being played by all types of ages, races and at multiple levels. The 
spreading of hockey has helped to increase the development of the game by 
increasing the use of artificial surfaces, improving the materials used for 
hockey sticks, balls and goalkeepers equipment and the introduction of new 
rules all allowing for a fast paced sport whilst still putting the player’s safety 
first. With the new technological improvements and rule changes increasing 
the pace of the game, interest has been shown in the research of the 
incidence and mechanism of injuries to preserve the safety of the sport. The 
growth of the sport has also lead to research on what is required of a hockey 
player to perform at an elite level. Research on hockey players’ physical 
characteristics, has shown that hockey players need an efficient anaerobic 
and more importantly aerobic energy system with tendencies to an 
ectomesomorphic profile to perform at elite levels. However, the limitation with 
the available research is that it generally focuses on the female participants in 
the game and there is little research on the male players. A further limitation is 
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that there is no standard definition of an injury between all the studies and 
furthermore the definition for athlete exposure varies. So these existing 
studies have there shortcomings, but still allow for a varied amount of 
research on different aspects of injuries within hockey. The focus of the 
present study was to contribute to determining the incidence and mechanism 
of injuries in hockey, especially in South Africa and in the male game. The 
questionnaires and test battery that is used and discussed in the next chapter 
will show how the implementation of these procedures occurred and will 
describe these in detail.  
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Chapter 3: Methods and Procedures 
 
3.1. Introduction 
 
The aim of this study is to determine the incidence and mechanism of injuries 
occurring in the Premier and President League hockey teams at the Nelson 
Mandela Metropolitan University (NMMU) during the 2008 season and 
furthermore to determine the relationships between the level of physical 
preparation of the relevant players and injury occurrence.  Chapter 3 focuses 
on explaining and describing the methods and procedures used to achieve 
the aim and objectives of the study. More specifically the chapter explains the 
research design, the participants who participated in the study and exclusion 
criteria which was utilised for the study. It also provides a detailed description 
of the measuring instruments that were utilised for data collection. Each test 
and questionnaire is addressed individually with relevant detail. The chapter is 
concluded with a description of the statistical techniques employed to analyse 
the data and all of the ethical considerations taken into account.  
 
3.2. Research Design 
 
In this study a quantitative approach was adopted, which included an 
exploratory-descriptive epidemiological design, more specifically the cohort 
study design was utilised. The exploratory approach allows the researcher to 
explore a field that is relatively unknown whilst the descriptive epidemiological 
approach allows for general observations concerning the relationship of 
diseases or injuries to basic characteristics such as age, gender or location 
(Thomas, Nelson & Silverman, 2005). In this study the relationship between 
injuries in the Premier League and President League as well as the 
relationship between level of preparation and injury occurrence were 
explored. The cohort study design allows a group of injury free participants to 
be defined and monitored for relevant exposures (Thomas et al., 2005). In the 
case of this study the groups of injury free participants were two hockey 
teams from the Premier League and one team from the President League. 
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The group of injury free participants for this study was selected purposively 
instead of using random sampling in order to select a relevant sample when 
compared to the population (De Vos, Strydom, Fouche & Delport, 2005). 
 
3.3. Participants 
 
The sample for this study was the NMMU First (Premier) and Second 
(President) hockey league teams for the 2008 season. For the participants to 
be included in this study they had to have played for the NMMU First 
(Premier) A, First (Premier) B or Second (President) hockey league teams in 
the 2008 season. All of the participants in the First (Premier) hockey league 
teams have played for their province during their hockey career and six out of 
25 (24%)  have gone on to represent their country at one age group or 
another. Furthermore 71% of all the participants had represented their 
province at one age group or another. The participants’ number of years of 
participation in hockey with respect to the two leagues had a mean of 8.28 
years at school, 4.40 years at club, 4.92 years at provincial and 0.84 years at 
national level for the Premier League. The President League had a mean of 
7.71 years at school, 3.76 years at club, 2.24 years at provincial and 0 years 
at national level. The mean number of provincial years of the two leagues 
revealed significant statistical and practical differences (t-stat = 3.23, p-value 
= .002, d = 1.02) and it may be deduced that the higher the number of years 
hockey is played at the higher levels, the better the players will be at the 
sport. The NMMU First (Premier) hockey league team has either won the 
league or finished in the top three teams of the league for the last seven 
years. For the NMMU Second (President) hockey league team they have 
achieved the same awards within their league for the last six years. The 
participants of this study therefore have experience playing at an elite level.  
 
The number of participants that were required for this study was determined 
by the number of players that formed the three hockey squads. Only one new 
player entered the squads in the middle of the season and was screened and 
included in the study. Therefore the number of players that were included in 
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the study was 25 from the First (Premier) league and 17 from the Second 
(President) league. The percentages that accounted for each team were 29% 
for Premier Team A, 31% from Premier Team B and 40% from the President 
Team.  
 
The average age of the participants was 21.12 years (SD = 1.89) with the 
Premier League having an average age of 20.68 years (SD = 1.38) and the 
President League having an average age of 21.76 years (SD = 2.36). A 
reason for this slight difference may be due to the fact that several previous 
President participants had returned to participate in the 2008 season for the 
President Team. The difference between the two leagues in respect of mean 
age was not significant (t-stat = -1.88, d.f. = 40, p-value = .067). The latter 
finding was expected though as the majority of the participants were students 
at NMMU.  
 
3.4. Exclusion Criteria 
 
The following were considered as exclusion criteria: 
 
 any male that did not play for or is not part of the First or Second 
hockey squads of the NMMU, 
 
 any male hockey player that did not obtain or give informed consent for 
their participation in the testing. 
 
3.5. Measuring Instruments 
 
The measuring instruments that were used for the study consisted of a 20 
metre Multi-Stage Shuttle Run Test, Repeated Sprint Test and four 
questionnaires. The first questionnaire was a “Screening Questionnaire” for 
when the participants began the study. The second was a “Preparation 
Questionnaire”, the third was a “Hockey Injury Questionnaire” and the fourth 
was a “Follow-up Questionnaire or Semi-Structured Interview”. The validity of 
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a study refers to the degree to which the results are likely to be true and free 
of bias as well the integrity of the study design. To ensure that this study 
excluded any bias was a difficult task as there is no definite manner of 
eliminating bias. However, the researcher ensured that the questionnaires 
were developed using the literature in order to strengthen the validity thereof 
as recommended in the literature (De Vos et al., 2005). These questionnaires 
were also piloted before the commencement of the proper study which 
ensured clarity of the questions. The two groups that the questionnaires were 
piloted with consisted of peers within the Human Movement Science 
department at NMMU and a small random sample of hockey players within 
the NMMU hockey club. Each of the measuring instruments used are 
described in detail in the next section. 
 
3.5.1. Tests 
 
The two tests utilised in this study are described in detail in the following two 
subsections. 
   
3.5.1.1. Multi-Stage Shuttle Run (Leger & Lambert, 1982) 
 
The Multi-Stage Shuttle Run (MSSR) was used to measure the aerobic 
endurance of the participants and was conducted twice during the training 
year and coincided with administering of the “Preparation Questionnaire”. The 
equipment needed to setup the test was a Compact Disc (CD) player, the 
calibrated CD with the pre-recorded test directions and pacing sounds, 20 
beacons, a 20 metre tape measure and 20 metre marked distance on an even 
artificial surface that the players participate on (Leger & Lambert, 1982). 
 
Procedure (see Figure 5): Firstly the researcher marked out a 20 metre 
distance with beacons. The speed of the CD cadence tape was checked by 
using the one-minute calibration period and the marked distance was adjusted 
accordingly. The test was demonstrated by the researcher and participants 
were instructed to run the marked 20 metres having to place one foot beyond 
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the marker by the time the next beep was heard. At this time participants were 
to pivot and run back to the opposite marker line. If a participant reached the 
marker before the beep, he had to wait until the beep was sounded before 
continuing running. After each minute the time interval between beeps 
decreased and thereby increasing the frequency of the beeps causing the 
participants to increase their running speed. The running speed began at 
8.5km/hr and was increased by 0.5km/hr per minute. Participants were 
instructed to pivot when reaching the marker line and not arc. Participants 
were not allowed to turn short of the marker. A test was terminated when the 
participant could not perform two lengths in a row where he was more than 
two steps short from the marker line and thus not able to keep up with the 
auditory signals (Leger & Lambert, 1982). 
 
 
 
Figure 5: Multi-stage Shuttle Run Test 
 
The participant received a score that was calculated as the last successful 
level that was completed. The participants’ VO2max was calculated by using 
their score and comparing it to the table of predicted maximum oxygen uptake 
values compiled by the Department of Physical Education and Sport Science 
at Loughborough University (Brewer, Ramsbottom & Williams, 1988). The 
20m 
Start (1st 
Beep) 
2nd Beep 
3rd Beep 
4th Beep, and so on until 
the participant cannot 
keep up with two 
consecutive beeps 
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reliability and validity of the Multi-Stage Run test is being reported as 0.95 and 
of 0.90, respectively (Leger, Mercier, Gadoury & Lambert, 1987). 
 
3.5.1.2. Repeated Sprint Test 
 
The Repeated Sprint Test (RST) was utilised to test the participants’ 
anaerobic capacity twice during the season in conjunction with the Multi-Stage 
Shuttle Run test and the Preparation Questionnaire. The Repeated Sprint 
Test was a modified 5m multiple shuttle test (5m MST) which is described by 
Boddington, Lambert, St Clair Gibson and Noakes (2001). The equipment 
needed to setup the test were six beacons, a 25 metre tape measure and 25 
metre marked distance on an even artificial surface that the players 
participate on (Durandt et al., 2007). 
 
Procedure: Firstly the participants warmed-up by jogging for approximately 
ten minutes. The participants then practiced three to five sprints over 20 to 30 
metres. Participants were subsequently given a five minute rest period before 
commencing the repeated sprint test. The layout consisted of six beacons 
placed in a straight line each one being five metres apart, therefore the 
beacons stretched for 25 metres. The participants started in line with the first 
beacon and when instructed, they sprinted 5 metres to the second beacon 
touching the adjacent ground with their hand and then returning to the first 
beacon, touching down on the ground adjacent to the beacon with the hand 
again. The participants then turned and sprinted 10 metres to the third 
beacon, and back to the first beacon, with each cycle increasing the distance 
by five metres until the 25 metre beacon had been reached (see Figure 6). 
This continued until a 30 second period had elapsed. If the participant had 
reached the 25 meter mark before the time elapsed then they continued the 
test in reverse by running to the 20 metre beacon next. The participants had a 
rest for 35 seconds and then continued the test another five bouts in this 
manner. The participants were instructed to perform with maximal effort and 
the distance covered during a 30 second shuttle was approximated to the 
nearest 2.5 metres. The total distance that was covered over the six bouts 
was recorded (Durandt et al., 2007).  
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Figure 6: Repeated Sprint Test 
 
3.5.2. Questionnaires 
 
The four questionnaires used in this study are described in more detail in the 
following subsections. 
 
3.5.2.1. Screening Questionnaire  
 
The Screening Questionnaire was given to the participants at the beginning of 
the season and was used to obtain the following information for each 
participant: 
 
 Surname, name and date of birth.  
 
Start 0m 
Turn at 10m 
Turn at 20m 
Turn at 15m 
Turn at 5m 
Turn at 25m 
If time 
hasn’t 
elapsed 
then 
parti-
cipant 
turns at 
20m 
again 
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 Contact details including; postal address, email address and telephone 
numbers.  
 
 The present team, playing position and alternate playing position. 
 
  Highest level of play and the number of years playing hockey at the 
different levels. 
 
 Hockey equipment and the material it consisted of, such as shin pads 
and shoes. 
 
 If relevant, the hockey medical history, which consisted of location 
where injured, what type of injury it was, the need for rehabilitation for 
the injury and how successful the rehabilitation was. 
 
The questionnaire was administered by an assistant to clarify any 
uncertainties. To view the entire questionnaire, refer to Appendix D. 
 
3.5.2.2. Preparation Questionnaire  
 
The Preparation Questionnaire was administered to the participants to 
retrieve information concerning their training habits. This was given out three 
times during the season to track any changes that occurred. The first time the 
Preparation Questionnaire was administered was during period 1 (April – 
May) in the last week of May, which was the beginning of the season. The 
Preparation Questionnaire was again administered for period 2 (June – July) 
during the last week of July, which was considered the middle of the season 
and was done to track the players as they were reaching optimum levels of 
performance. Period 3 (August – September) was considered the end of the 
season and the Preparation Questionnaire was administered during the last 
week of September as players were possibly nearing overtraining and a state 
of fatigue. The questionnaire included the following: 
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 Whether or not the participant took part in any training specific to 
hockey which did not include scheduled hockey practices for the given 
time period. 
 
 The type of training the participant was performing, consisting of: 
anaerobic exercise, upper body resistance, lower body resistance, 
agility, core stability, technical hockey skills, balance and 
proprioception, aerobic exercise and flexibility. 
 
 Whether the participant varied the type of training they were doing 
during the month and if any, for how many weeks during the month, 
their training varied. 
 
 The participant’s attendance of practice and of matches. 
 
The purpose of these questionnaires was to aid in determining a relationship 
between the injuries occurring, the type of training and the fitness levels 
(expressed by means of performance in The Multi-Stage Shuttle Run and 
Repeat Sprint Test) of the players. This information was gathered for the 
purpose of identifying causes of training related injuries.  The questionnaires 
were administered by an assistant to clarify any uncertainties. To view the 
entire questionnaire, refer to Appendix E. 
 
3.5.2.3. Hockey Injury Questionnaire  
 
The Hockey Injury Questionnaire was administered to retrieve information 
about the injury and the relevant circumstances when it occurred. This 
questionnaire was administered when a participant became injured and was 
used to obtain the following information for each participant:  
 
 Name, date and whether the injury occurred during a practice or match. 
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 The anatomical location of the injury, the mechanism of the injury, the 
type of injury on the participant. 
 
 Playing position at the time of the injury, where on the field the injury 
occurred and whether or not this type of injury had occurred before. 
 
 If the playing surface was water or sand-based and if it was water-
based the degree of wetness of the surface when the injury occurred. 
 
 In which quarter of the practice/match the injury occurred and whether 
the participant continued for the rest of the practice/match. 
 
 Finally, if the participant warmed-up, which activities were performed 
during this warm-up and for how long; the options consisted of: 
stretching, jogging, skills, agility, match simulation and any other 
activities that might have been performed. 
 
The questionnaires were administered by an assistant to clarify any 
uncertainties. To view the entire questionnaire, refer to Appendix F. 
 
3.5.2.4. Follow-up Questionnaire  
 
The last questionnaire was administered one week after the injury occurred 
and took the format of a questionnaire or semi-structured interview. The 
participant was followed-up a week later if not all of the information was 
gathered in the first week. This questionnaire or interview was administered to 
retrieve information after the injury had occurred and to determine the 
treatment the player was receiving for the injury and how the rehabilitation of 
the injury was progressing. This dictated the use of a semi-structured 
interview as injuries and the treatment that one participant would have 
received could differ from that of other participants. Although the generic 
questions that were asked remained the same for each participant, the 
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subsequent questions differed depending on the type of injury experienced 
and the treatment received. The generic questions that were asked were:  
 
 Did you get an expert/outside opinion on your injury? 
 
 What injury occurred?  
 
 What treatment was received and for how long? 
  
 How successful was the treatment?  
 
 Did the injury stop you from practicing and competing and if so for how 
long?  
 
 Did the injury re-occur? 
 
3.5.2.5. Calculation of Incidence of Injury Rate 
 
As mentioned in chapter 2, measuring injury incidence may be done by using 
the unit athlete-exposure, which is the unit of risk of when an athlete is 
exposed to a possibility of an injury (Arendt et al., 1999). However, the 
consistency of unit that studies use varies. The most popular choice for 
indicating injury rate in previous research was either number of injuries per 
1000 hours of player activity time or number of injuries per 1000 A-E in a 
match or practice where there is a risk of injury. This study uses injuries per 
1000 A-E as the amount of time an athlete was exposed varied slightly from 
each training session. The incidence of injury in this study is calculated by 
taking 1000 and dividing it by the product of number of exposures and number 
of injuries incurred (1000/exposures*injuries = injuries per 1000 A-E). For 
example there are 50 exposures, with 5 injuries occurring, the equation would 
be 1000/50*5 = 4 injuries per 1000 A-E. 
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3.5.2.6. Summary of the Data Collection Process 
 
During the season the different tests and questionnaires had to be 
administered at different stages. The diagram in Figure 7 provides a summary 
of the administration process that was followed. 
  
 
 
Figure 7: Process followed for the different data collection methods 
 
3.6. Data Analysis 
 
Descriptive statistics were utilised to present means, standard deviations, 
correlations and frequency distributions. This enabled the description of the 
participants’ hockey history and personal attributes; such as their hockey 
equipment and playing position. Descriptive statistics were further carried out 
with regards to the participants’ injury occurrence, preparation and fitness 
tests. This included the number of injuries occurring in specific areas of the 
body, the number of players incurring injuries, the number of injuries occurring 
within the two different leagues, the number of injuries that are re-occurring, 
the injuries that occur in relation to the position a player holds and in relation 
to where the injury occurs on the field. Graphs were utilised to describe the 
participants’ preparation, while the fitness test results were tabulated. 
Timeline of the study 
April                   May                   June                  July                    August              September 
1st MSSR & RST 2nd MSSR & RST 
Preparation Q Preparation Q Preparation Q 
Screening Q 
Hockey Injury Questionnaire initiated throughout followed by the Follow-up Questionnaire 
a week later 
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Inferential statistical techniques were utilised, such as independent t-tests, to 
detect significant differences, if any that occur between the injuries of the 
participants in the Premier and President Leagues. Statistical significance of 
differences were set at an alpha level of .05 and practical significance was set 
at Cohen’s d values greater than 0.20. The statistical significance of 
differences between the frequency distributions of the two sample groups was 
determined by means of Chi2 tests of independence. Cramér’s V statistic was 
used when there were statistically significant Chi2 tests results to determine 
the practical significance of the two sample groups’ differences.  
 
3.7. Ethical Considerations 
 
Ethics is a set of moral principles that is suggested by an individual or group, 
which is subsequently widely accepted, and which offers rules and 
behavioural expectations about the most correct conduct towards 
experimental subjects and respondents, employers, sponsors, other 
researchers, assistants and students (De Vos et al., 2005). 
 
The ethical considerations that were implemented in the study were that the 
researcher should always go about the research with the correct conduct, that 
the researcher included only relevant information that was needed for the 
study and that the final report was accurate and objective with no plagiarism 
present.  Permission was obtained from the manager of the NMMU hockey 
club to conduct the study using their players. Each participant was informed 
about the purpose of the study and the data collection procedures of the study 
(See Appendix C for a copy of the Information Letter given to the prospective 
participant). Informed consent was obtained from the relevant players prior to 
the commencement of the study and the participants were informed that their 
participation in the study was entirely voluntarily (See Appendix A for a copy 
of the Information and Informed Consent Form). To ensure that the 
participants’ identity remain confidential and anonymous, each participant was 
assigned a number with only the researcher being able to link an assigned 
number with the relevant participant’s name and details when analysing the 
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data. Participants were further given the assurance that their identity will not 
be revealed in any report of the study. The study received ethics approval 
from the NMMU ethics committee, see Appendix B for a copy of the ethics 
approval document.  
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Chapter 4: Results and Discussion 
 
4.1. Introduction 
 
The purpose of this study was twofold. On the one hand the aim was to 
determine the incidence and mechanism of injuries occurring in the Premier 
and President League hockey teams at the Nelson Mandela Metropolitan 
University during the 2008 season and whether or not there are any 
differences in the injuries that occur between the two leagues.  In addition a 
second aim of this study was to determine the physical preparation of the 
relevant players and the subsequent relationships with injury occurrence. The 
statistical analysis results obtained meeting these aims and subsequent 
objectives (mentioned in chapter 1) are presented, described and discussed 
in this chapter. The following criterion was used to determine statistical 
differences: p<.05 for t-tests and Chi2-tests while Cohen’s d (absolute value) 
≥0.20 for significant t-test results and Cramér’s V ≥0.10 for significant Chi2-
test results were used to determine whether differences are practically 
significant. When a variable did not show to be statistically significant, only the 
statistical significance value is reported. However when a variable showed 
statistically significant differences between the two groups being compared, 
both the statistical and the practical significance values are reported.  
 
The chapter begins with the screening results and is followed by the injury 
results. The penultimate section describes the results obtained from the 
Preparation Questionnaire, The Repeated Sprint Tests and The Multi-Stage 
Shuttle Run Test. The two sample groups used for the first three sections 
incorporate the Premier A Team and Premier B Team as one study group and 
the President League Team as the second group. The chapter concludes with 
a section that describes whether there is a relationship between the 
preparation of the participants and the injuries occurring.  Note that the injury 
results should be treated with caution due to the exploratory nature of this 
study and the low incidence of injuries. 
 
 55
4.2 Descriptive Statistics 
 
In this chapter references to mean values, standard deviations, intervals, 
range values and frequency distributions are made for the variables 
assessed. The chapter also includes graphs to better reflect a comparison 
between frequency distributions, as a table would not have been as effective. 
 
4.2.1 Screening Statistics 
 
Table 2 shows the descriptive statistics for the age of the hockey players that 
were involved in this study and indicates that the mean age for the sample 
that was included in the study, was 21.12 years.  
 
Table 2: Descriptive statistics regarding the age (in years) of the 
participants 
 
Statistics All Premier President 
n 42 25 17 
Mean 21.12 20.68 21.76 
SD 1.89 1.38 2.36 
Min 18.00 18.00 19.00 
Quartile 1 20.00 20.00 20.00 
Median 21.00 21.00 22.00 
Quartile 3 22.00 22.00 24.00 
Maximum 27.00 23.00 27.00 
 
Table 2 further shows that the players from the President League had a 
higher mean age of more than one year (21.76) when compared to the mean 
age of the Premier League players (20.68). However, this difference was 
found not to be statistically significant (t-stat = -1.88, d.f. = 40, p-value = .067).  
 
Table 3 reflects the percentage of participants in each team, with the 
President League Team consisting of the highest number of participants 
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(40%). The two Premier League Teams were combined to be able to make a 
comparison between the two leagues so the end percentage for the Premier 
League was 60%. 
 
Table 3: Frequency distribution of participants in the three teams (n=42) 
 
 
 
 
 
 
 
Table 4 describes the different levels of play the participants have reached.  
 
Table 4: Frequency distribution in terms of the highest level of 
participation 
 
Highest level of play Total Premier President 
 Club President League 2 5% 0 0% 2 12% 
 Club Premier League 3 7% 2 8% 1 6% 
 SASSU 1 2% 0 0% 1 6% 
 Provincial U/21     6 14% 5 20% 1 6% 
 Provincial 24 57% 12 48% 12 71% 
 National u/21        4 10% 4 16% 0 0% 
 National  2 5% 2 8% 0 0% 
 
From Table 4 it can be seen that none of the President League participants 
have reached a level higher than provincial.  It can be further seen from Table 
4 that more than two thirds of the President League sample (71%) have 
participated for their province at one level or another, while 24% of the 
Premier League sample have gone on to represent their country at some sort 
of age group through their career.  
Teams n Percentage  
Premier A 12 29% 
Premier B 13 31% 
President 17 40% 
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Table 5 shows the number of years participants in their respective leagues 
had participated at each level, these levels were school, club, provincial and 
national. 
 
Table 5: Descriptive statistics for the number of years participants 
competed at each level of participation 
 
 Premier League (n=25) President League (n=17) 
Statistics School Club Prov. Nat. School Club Prov. Nat. 
Mean 8.28 4.40 4.92 0.84 7.71 3.76 2.24 0.00 
SD 2.28 2.24 2.86 1.89 2.66 2.05 2.28 0.00 
Min 5.00 1.00 1.00 0.00 3.00 0.00 0.00 0.00 
Quartile 1 7.00 3.00 3.00 0.00 6.00 2.00 1.00 0.00 
Median 8.00 5.00 5.00 0.00 8.00 3.00 1.00 0.00 
Quartile 3 10.00 6.00 7.00 0.00 9.00 5.00 2.00 0.00 
Maximum 12.00 9.00 10.00 6.00 12.00 7.00 7.00 0.00 
 
The results from Table 5 depict the median for school years participated (8) is 
the same in both leagues and the values remain similar through quartile 3 and 
the maximum. The differences in values between the two leagues start to be 
seen in the mean number of years played at club level, although not 
significant (t-stat = 0.93, p-value = .356). However the number of years of the 
President League participants is lower from the minimum value to the 
maximum value with regards to provincial years, as a result differences were 
both statistically and practically significant in terms of the differences between 
the means for each league (t-stat = 3.23, p = .002, d = 1.02). 
 
Table 6 reflects the percentages of each piece of hockey equipment used. 
The first section shows the utilisation of shin pads and the material which is 
most popular for the use of shin pads. 
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Table 6:  Description of hockey equipment used by the participants 
 
Hockey Equipment Utilised 
Shin pad material: (n=40)* Yes No 
 Rubber 3  8% 37 93%  
 Plastic 37 93%  3 8%  
 Foam 3 5%  38 95%  
 Other 1  3% 39 98%  
 Shoes: (n=42) Yes No 
 Hockey boots with rubber 
studs 
 
40 95%  
 
2 5%  
 Trainers 2 5 %  40  95% 
 Safety equipment: (n=42) Yes No 
 Gum guard 4  10% 38 91%  
 Ball box 2 5%  40 95%  
 Face mask 2  5% 40 95%  
 Glove/s 8 19%  34 81%  
 Other (this included 
goalkeepers equipment) 
 
4 10%  
 
38 91%  
*This did not include two of the goalkeepers as they don’t use shin pads 
 
It is clear that plastic (93%) is the preferred shin pad material of choice. In 
some instances participants’ shin pads were made up of more than one 
material, which is the reason why the sum of the yes column is more than a 
100%. Reilly and Williams (2003: 133) describe shin pads in soccer to contain 
a hard outer casing which is constructed of moulded thermoplastic and a soft 
inner layer which is constructed of either ethylene vinyl acetate (EVA) or a 
foam type material. The shin pads in hockey may not be the same as the shin 
pads used in soccer, but the results from Table 6 reveal similar usage of 
materials within the two sports. From Table 6 it can be seen that 93% of the 
shin pads contained plastic which would form the outer casing while the 
rubber (8%) and foam (5%) would form the inner layer. Reilly and Williams 
(2003: 133) stated that there were no performance standards for shin guard 
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protection although a standard was being introduced in Europe at the time 
and that manufacturers of shin pads used players’ opinion, logical behaviour 
of a material and the efficacy of construction methods to design shin pads.  
 
With regards to shoe choice it is again evident that hockey boots with rubber 
studs is the preferred choice (96%). The type of shoe usage did not contribute 
to any injuries in the present study as none of injuries were incurred from 
slipping, although equipment and the type of injuries that occurred are 
discussed later in this chapter.  
 
Lastly the choice of safety equipment has a lower percentage of usage as a 
result of either the goalkeeper or the four defensive players at a penalty 
corner having to utilise it or the rules do not stipulate the equipment being 
compulsory. The face masks (5%) and ball boxes (5%) are generally used by 
the defenders in a short corner team as the ball is often drag-flicked at goal. 
The low percentage may be attributed to the low number of participants that 
participate in the short corner defence. With respect to the low usage of face 
and groin protection, the number of stick and ball injuries occurring in the 
game was 50% in the present study and Sherker and Cassell (2002) reported 
64% of injuries were from a stick or ball. The percentage of ball and stick 
injuries indicates that the usage of preventative safety equipment for the face 
and groin is imperative and is supported by an injury which occurred to a 
participants face from a stick in the present study.  
 
Gloves (19%) and gum guards (10%) are used throughout the field of play. 
The low percentage of usage of gloves and gum guards attests to the fact that 
participants are not concerned about their safety in those areas. Gloves were 
thus utilised sparingly and as a result 11% of injuries occurred to the hands. 
Dick et al. (2007) reported 10% of all types of injuries were hand injuries and 
of these hand injuries the majority were caused by stick contact. Livingston 
and Forbes (2003) researched a stick entrapment of the thumb in lacrosse. 
They stated that in sports using stick-like implements players commonly 
receive acute injuries to the hand and fingers from a forceful blow by an 
opponent’s stick. Livingston and Forbes (2003) further report in the case study 
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that the injury occurred to a female and gloves are not worn by females in 
lacrosse, whereas males wear heavily padded gloves. The use of gloves in 
hockey is underutilised. The low percentage of the use of gum guards did not 
prevent any injuries to the mouth or teeth from occurring in the present study 
as there were none, but the importance of the use of a mouth guard is 
imperative. A study by Bolhuis et al. (1987) revealed that 54% of international 
players had received injuries to the face or mouth and causing them to visit a 
physician or dentist. Furthermore any damage to the teeth from a hockey stick 
is usually severe and is normally irreversible (Bolhuis et al., 1987). 
 
Finally the other safety equipment (9.5%) mainly refers to the goalkeeper’s 
equipment (e.g. leg pads, kickers and chest pads). 
 
The overall utilisation of safety equipment in the present study was poor. 
However, the preventative properties of such equipment seem to hold 
potential benefit for hockey players and should be encouraged. 
 
Table 7 shows the percentage of participants who had been injured during 
their careers before the study had begun. 
 
Table 7: Frequency distribution of participants that have incurred major* 
hockey injuries before the commencement of the study 
 
Previous major* injuries before 
study 
 
 
Yes 26 62% 
No  16 38% 
*major being any injury that has caused the participant to stop competing in hockey for more than a week 
 
Table 7 depicts that 62% of the participants had incurred injuries before the 
study. A study by Freke and Dalgleish (1994a) on an elite squad of female 
hockey players from the Queensland Academy of Sport (QAS) (n=40, mean 
age = 21.6 years) revealed that only two of the players had never been injured 
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in their career. The percentage of participants that had previously been 
injured in their study was calculated to be 95%. As the present study had a 
mean age of 21.12 years and 42 participants, when the study commenced, 
the two values of 62% from the present study and 95% from the study by 
Freke and Dalgleish (1994a) can be compared. The comparison drawn 
reflects a high difference between the percentages and the reason for the 
difference could be due to gender differences. The differences in percentages 
suggest that males may be less susceptible to injuries than females.   
 
4.2.2 Injury Statistics 
 
One of the objectives of this study was to determine whether there were any 
differences in the incidence and mechanism of injuries occurring at a Premier 
level and President level of hockey.  This section therefore begins with the 
incidence of injury for the study and refers to the number of injuries that 
occurred in each league and during each exposure.  
 
The injury results begin with the injury incidence for the whole study. With 42 
participants, 18 injuries and 4242 exposures, the incidence of injury was 
calculated to be 4.24 injuries per 1000 A-E. Hägglund et al. (2005) depicted 
the injury incidence to be 9.4 injuries/1000 hours of exposure during the 
UEFA Champions League, 2001 to 2002 season for males. Furthermore Lilley 
et al. (2002) revealed the incidence of injury to be 12.2 injuries per 1000 hours 
of exposure for elite female soccer players. The incidence of injury in the 
present study for hockey was less than both the Hägglund et al. (2005) and 
Lilley et al. (2002) soccer studies. This finding implies that hockey has a lower 
incidence rate, although the participants in the Hägglund et al. (2005) study 
were from the 11 top clubs in Europe and consisted of 266 players and Lilley 
et al. (2002) participants were female soccer players. Furthermore an 
accurate comparison cannot be made due to the differentiating incidence rate 
units utilised.  
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The incidence of injury for the entire group of participants included in this 
study was 4.24 injuries per 1000 A-E as mentioned previously. Studies within 
hockey such as a South African study by Naicker et al. (2006) found that the 
overall incidence of injury was 6.32 injuries per 1000 hours for provincial 
women’s hockey players, which is higher by 2.08, which may be due to the 
differences in gender and type of exposure. 
 
The rate of injury was then separated into the incidence of injury for the 
Premier League and President League. The incidence of injury for the 
Premier League (n=5) was 4.08 injuries per 1000 A-E, while the incidence of 
injury for the President League (n=13) was higher at a rate of 14.71 injuries 
per 1000 A-E.  These differences between the two leagues are significant 
(Chi2 = 13.18, p < .0005, V = 0.56). The difference in the rate of injuries is 
large and the lower levels of club hockey seem to be more vulnerable to 
injuries. A study by Stevenson et al. (2000) revealed that hockey players 
participating at a non-professional or at a first class level had an incidence of 
injury of 15.2 injuries per 1000 hours of participation. The incidence of injury 
with the present study (14.71 injuries/1000 A-E) and the incidence rate of the 
Stevenson et al. (2000) (15.2 injuries/1000 hours of participation) study are 
similar for both non-elite groups, however an accurate comparison cannot be 
made due to the difference in incidence rate units utilised by the two studies. 
 
The incidence of injury was further described as the number of injuries 
occurring during practices versus matches for the full duration of the study. 
The incidence of injury for practices (n=7) was 2.42 injuries per 1000 A-E, 
while the incidence of injury for matches (n=11) was higher at a rate of 8.18 
injuries per 1000 A-E (Chi²(1)=1.13, p=.287). Dick et al. (2007) found the rate 
of injury over 15 seasons to be 7.87 injuries per 1000 A-E for matches and 3.7 
injuries per 1000 A-E (n=5385) for practices for female hockey players. 
Although the study was performed over 15 seasons and included 5385 
hockey players, the incidence of injury for practices (3.7 injuries/1000 A-E) is 
higher by almost a third when compared to the present study (2.42 
injuries/1000 A-E). The incidence of injury for matches from Dick et al. (2007) 
(7.87 injuries/1000 A-E) is lower by only 0.31 when compared to the present 
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study (8.18 injuries/1000 A-E). The differences with regards to incidence of 
injury in practices are lower, while the injury rate is higher in the present study 
when compared to that indicated by Dick et al. (2007). One further significant 
limitation with the comparison between these two studies is the gender 
differences. 
 
The type of exposure (matches or practices) and the number of injuries 
occurring within each exposure are described in Table 8. Furthermore in 
Table 8, the injuries occurring in each league with regards to exposure are 
also shown.  
 
Table 8: Frequency distribution of injuries that occurred during either 
matches or practices for both leagues 
 
Type of exposure Total  Premier President 
Matches 11 61% 4 80% 7 54% 
Practices 7 39% 1 20% 6 46% 
 
From Table 8 the results show that 61% of all injuries throughout the study 
occurred during matches, while practices (39%) made up for the rest, even 
though there were fewer matches than practices during the season.  The 
injuries during matches may be a result of the competitive nature and intensity 
of the exposure; this is discussed later in the chapter with regards to 
mechanisms of injuries. The number of match injuries is higher than practice 
injuries for the present study. Dick et al. (2007) study, which supported the 
present study’s incidence rates during practices and matches as the rates 
were similar, does not support the number of injuries occurring in practices 
and matches. The study by Dick et al. (2007) depicted the occurrence of 
injuries to be higher during practices (2066 injuries) than matches (1220 
injuries) from 1988-1989 to 2002-2003. The reasoning for the higher number 
of practice injuries in the study by Dick et al. (2007) is a result of the ratio of 
practices to matches being a lot higher for practices, when compared to the 
present study. Furthermore Dick et al. (2007) accounted for all the practices 
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that occurred during preseason, where the majority of practice injuries 
occurred for their study and there were no matches, the present study 
however did not account for preseason injuries. 
 
The number of injuries was not sufficient to determine the difference between 
the two leagues was significant. However, it can be seen from the 
percentages that the Premier League participants incurred 80% of their 
injuries during matches while the President League participants incurred 54% 
of their injuries during matches.  
 
Table 9 depicts information on where on the body the injuries occurred. 
 
Table 9: Frequency distribution of injuries that occurred to the different 
body sites (n=18) 
 
Body site of injury n  Percentage 
Upper extremity 7 39% 
Head 1 6% 
Back 1 6% 
Chest 2 11% 
Hand 2 11% 
Shoulder 1 6% 
Lower extremity 11 61% 
Hip/Pelvis region 2 11% 
Upper leg 3 17% 
Lower leg 2 11% 
Knee 1 6% 
Ankle 3 17% 
 
The most frequent body sites that were injured were the lower extremity and 
these were the upper leg (16.7%) and ankle (16.7%), which forms a third of all 
the injuries. These were followed by the chest, hip/pelvis region, lower leg and 
hand with 11.1%, each, with two of these also within the lower body region. 
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Finally the head, back, knee and shoulder formed the least injured sites with 
5.6% each, respectively.  
 
The evidence of a higher occurrence of injuries to the ankle and upper leg are 
supported by previous research from Naicker et al. (2006), which reported the 
body site with the highest occurrence of injury was the ankle (25.5%).  Dick et 
al. (2007) and Sherker and Cassell’s (2002) review of a number of studies 
both support a predominance of injuries to the lower limb or extremity. Dick et 
al. (2007) reported that the lower extremity was injured at the highest 
frequency during matches (43.2%) and especially practices (60.2%) when 
compared to the trunk/back, upper extremity, head/neck and other/system. 
 
Injuries to the shoulder region (5.6%) do not account for such a high 
percentage as it does in Figure 2 in Chapter 2 from the study of Naicker et al. 
(2006) which was 19.1%.  
 
Table 10 shows the types of injuries that occurred to the participants.  
 
Table 10: Frequency distribution of the type of injuries occurring (n=18) 
 
 Type of Injury n  Percentage 
Sprain 3 17% 
Tear 2 11% 
Laceration 1 6% 
Contusion 6 33% 
Dislocation 1 6% 
Scratch 1 6% 
Strain 4 22% 
 
Table 10 reveals that the most frequently occurring injury is a contusion at 
33% which indicates that there is a lot of contact within the game. Sherker 
and Cassell (2002) reviewed studies by Cunningham and Cunningham (1996) 
and Alcock, Baker, Donaldson and Gill (1997), which showed 28% and 60%, 
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respectively, of injuries occurring from haematomas and bruising. In the 
present study strains (22%), sprains (17%) and tears (11%) followed 
contusion injuries and are considered to be intrinsic injuries.  Alcock et al. 
(1997) reported that muscle strains accounted for 24% of hockey injuries, 
while Fuller (1990) and Jamison and Lee (1989) reported that intrinsic injuries 
are reported to account for 11% to 19% of all hockey injuries. Rate (1988) 
reported that the most common non-contact injuries are ankle sprains, back 
strains and thigh strains.  
 
The lowest three types of injuries in Table 10 add to contusions (33%) to form 
the extrinsic group of injuries, these were lacerations (6%), scratches (6%) 
and dislocations (6%). The present study follows trends previously reported in 
the review by Sherker and Cassell (2002) which indicated that contusions 
were the most common extrinsic injury reported, with values reaching 64%. 
 
In Table 11 the distribution of injuries is shown with regards to the position the 
participant was playing at the time of the injury. This shows which of the 
positions played, namely the forwards, midfielders, halves and goalkeepers 
obtain injuries at a higher incidence.  
 
Table 11: Frequency distribution of injuries occurring to different 
participants’ positions on the field 
 
Position of the Participant when the injury 
occurred  n  Percentage 
Halves and Sweepers 5 36% 
Midfielders 3 21% 
Forwards 1 7% 
Goalkeepers 5 36% 
 
From Table 11 it is clear that the defensive positions on the field accounted 
for the majority of injuries which was 72%, with the goalkeeper and the 
halves/sweeper accounting for 36% each. Midfielders and forwards followed 
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with 21% and 7%, respectively. Dick et al. (2007) however reported that the 
majority of the injuries occurred with the midfielders (28%) and then the 
halves/sweeper (24%). They also reported that the forwards sustained 22% of 
the injuries which is far greater than 7% reflected in the present study. Lastly, 
the goalkeepers in Dick et al.’s (2007) study received 20% of the injuries, 
while 6.9% of the injuries occurred in unknown positions. Further comparisons 
may be done with a study performed by Merret and McLaughlin (2003) which 
reported that the majority of injuries occurred with forwards (44%), followed by 
midfielders (23%), goalkeepers (18%) and halves/sweepers (15%). The 
Merret and McLaughlin (2003) study, however follows a reverse of the 
positional injuries when compared to the present study. Merret and 
McLaughlin (2003) state that the forwards spend most of the time around the 
goal where there is an increase of tackles on the forwards and a high intensity 
to score a goal, which supports the highest percentage for forwards (44%) in 
their study.  
 
However goalkeepers incurred the highest number of injuries (five) in the 
present study and four of the injuries were the result of an exterior 
mechanism. Three of the injuries were from being struck with a hockey ball, 
twice on the chest and once on the hand, showing that the equipment the 
goalkeepers utilise in hockey is not always safe or may not be sufficient. 
Another deduction for the higher injury rate of exterior mechanism injuries to 
goalkeepers may be the increases in stick technology, thus allowing the 
players to strike the ball with a higher force. 
 
Figure 8 shows the frequency distribution of the injuries and where they 
occurred on the field of play. The field was separated into six sections. The 
sections began with the defensive circle (1), defensive 23 metre line (2), 
defensive halfway (3), attacking halfway (4), attacking 23 metre line (5) and 
the attacking circle (6).  
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Figure 8: Frequency distribution of injuries that occurred in the  
different locations on the field 
 
It can be seen that ten of the 17 injuries (59%) occurred in the defending side 
of the field in the 23 metre line (2) and within the circle area (1). This high 
proportion of injuries occurring in the defensive area of the field correlates 
with Table 11, which showed that halves/sweepers (36%) and goalkeepers 
(36%) accounted for the majority of injuries. In the middle of the field it can be 
seen that the attacking side (4) of the field has slightly higher rate of incidence 
at 18%, while the defending side has one of 12%. Finally the attacking 23 
metre line (5) and the attacking circle (6) have a rate of incidence of 6%, 
each. Dick et al. (2007) confirmed in their study that the majority of the injuries 
occur within the 23 metre line (41%) and circle area (26%), but does not 
indicate whether the injuries are in the attacking areas of the field or the 
defending areas. 
 
Table 12 reveals the percentage of injuries which occurred on the sand-based 
surface compared to the water-based surface.  
 
Playing Direction 
n=5 
29% 
(1) 
n=2 
12% 
(3) 
n=3 
18% 
(4) 
n=1 
6% 
(5) 
n=1 
6% 
(6) 
n=5 
29% 
(2) 
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Table 12:  Frequency distribution of injuries occurring on the two 
different types of turf 
 
 Type of artificial surface n  Percentage 
Water-based 15 83% 
Sand-based 3 17% 
 
The percentage of injuries on each surface reflects the proportion of play on 
each surface, which was 16% on the sand-based surface and 84% on the 
water-based surface. 
 
A study by Bharti et al. (2007) reflected that 39% of participants playing on 
artificial turf incurred injuries while only 29% incurred injuries playing on grass.  
Furthermore Murphy, Connolly and Beynnon (2003) found that in two studies 
artificial turf had a higher incidence of injury than grass. The higher incidence 
of injury on artificial turf by these studies explains that the injuries in the 
present study may have been affected by the participants playing on an 
artificial surface, but there is little research on the incidence of injury with 
regards to water-based and sand-based surfaces. Further research however 
needs to be performed to compare the incidence of injury on water-based 
versus sand-based surfaces. 
 
Table 13 shows how the water-based surface was prepared when the injury 
occurred.  
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Table 13:  Frequency distribution of injuries occurring on water-based 
turfs with varying amounts of water on them 
 
The amount of water on water-based surface  Percentage of injuries  
Drenched  7% 
Wet  93% 
Dry  0% 
 
Table 13 reflects that the water-based surface was prepared 93% of the time 
just as a wet surface, with only 7% of the time the turf was drenched when an 
injury occurred. The injuries that occurred under these conditions are 
discussed later in the mechanism of the injuries section. 
 
Table 14 reflects the percentage of re-occurring injuries within the study. 
 
Table 14: Frequency distribution of injuries that were re-occurring 
injuries 
 
Re-occurring injury  n Percentage 
Yes 6 33% 
No 12 67% 
 
From Table 14 it is clear that that one-third of the injuries were re-occurring 
injuries. 
 
Table 15 refers to the different quarters through a match/practice that the 
injuries occurred. 
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Table 15: Frequency distribution of injuries that occurred in the different 
quarters of the match/practice 
 
Quarter of the match/practice  n Percentage 
1st 5 28% 
2nd 7 39% 
3rd 5 28% 
4th  1 6% 
 
Table 15 indicates that the highest percentage of injuries occurred in the first 
half (67%) of the match. The fourth quarter showed the greatest drop in injury 
rate when compared to the percentages of the first three quarters.  
 
The high percentage of injuries for the first quarter was expected as injuries 
may occur from participants not performing a proper warm-up before the 
match or practice. The fourth quarter however was unexpected as players 
generally fatigue towards the end of a match or practice, thus resulting in 
comparatively more injuries as Merret and McLaughlin (2003) state that a 
fatigued player contributes to a higher injury rate. One of the reasons for the 
low injury rate in the fourth quarter may be that the participants had a good 
fitness regime in place (this will be further discussed in the next section) or 
that the players were substituted more frequently with rested players. Instead 
of the injuries occurring in the first and fourth quarter the majority of the 
injuries occurred in the second and third quarter which could be the result of 
increased competition and intensity before half time and cold muscles after 
half time.  
 
The effects of overstretching with regards to cold muscles are discussed in 
the mechanism of the injury section. 
 
In Table 16 the mechanism of the injury is separated into eleven categories, 
but only five occurred during the study.  
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Table 16: Frequency distribution of the various mechanisms of injuries 
 
 Mechanism of the injury n Percentage 
Non-contact injuries 8 44% 
Overstretched 5 28% 
Fell 3 17% 
Sudden stop 0 0% 
Slipped 0 0% 
Sharp twist/turn 0 0% 
Contact Injuries 10 56% 
Hit by ball 6 33% 
Hit by stick 3 17% 
Collision 1 6% 
Trodden on foot 0 0% 
Tripped  0 0% 
Other 0 0% 
 
The first two of the non-contact injuries, overstretched and fell, accounted for   
almost half of the injuries (44%).  
 
It is expected that as contusions and haematomas accounted for 33% of all 
injuries, that contact from a stick or ball would be the highest mechanism, 
which is true as injuries caused by being struck by the ball accounted for 33% 
of all injuries. Being struck by a ball as well as the mechanisms of being 
struck with a stick (17%), falling (17%) and collisions (6%), indicates that 72% 
of the injuries were caused by an exterior mechanism, while 28% of the 
injuries were caused by overstretching, an interior mechanism. The 72% of 
injuries caused by being hit by a ball, stick, falling or collision is comparative 
to the study of Sherker and Cassell (2002) where 74% of all injuries were 
caused by the same mechanisms. The only reverse was that 41% of the 
injuries were caused by being struck by a hockey stick and 23% of the injuries 
were caused from being struck by a ball. Dick et al. (2007) found that 60% of 
injuries were caused by other contact which did not include player contact, but 
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did include contact from a hockey stick, ball and ground. If player contact 
(13%) is added to this it reveals a similar value of 73%.  
 
Figure 9 reports the percentage of contact injuries that occur in the Premier 
and President League. 
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Figure 9: Percentage of contact injuries in each league 
 
The number of contact injuries occurring in President League was higher by 
17% when compared to the Premier League. This shows that the dangers of 
being struck by a hockey stick, ball or by colliding with the ground or other 
players is still a concern in the game of hockey and the concern seems to be 
higher in the lower league. Preventative measures need to be implemented 
further. A possible contributing factor may be the improvement of the hockey 
stick to strike a ball with more force which could subsequently lead to 
increased contact injuries, especially with regards to ball and stick injuries. 
 
As previously mentioned in Chapter 2, the etiology of a particular injury 
(disease) may be ascribed to more than one etiology (Dishman et al., 2004: 
26). Thus the following are discussions on injuries due to one or more causes 
of injuries. 
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The area of the field that incurred the highest number of injuries was the 
defensive 23 metre line (59%). Figure 10 depicts the number of contact 
mechanisms which occurred within the defending 23 metre line.  
 
 
 
Figure 10: Contact versus non-contact mechanism of injuries within the 
defending 23 metre line 
 
Figure 10 shows that contact mechanisms resulted in 69% of the injuries 
occurring within the defending 23 metre line which shows that this is a 
dangerous area of the field as it is highly congested and players take risks to 
gain an advantage over there opposition. Dick et al. (2007) found that injuries 
to the head/neck/face and hand/finger/thumb were the most prevalent in the 
23 metre line and the circle and the cause of these injuries were by contact 
with the stick or ball (above 77% for both sites). In the present study, the 
injuries occurred to a variety of body sites and no specific areas were 
prevalent. 
 
As reported in Table 16 no injuries were incurred from slipping. Therefore the 
type of shoe usage mentioned earlier (Boots with a rubber stud, 95% and 
trainers, 5%) could not be linked to any injuries in the present study.  
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Figure 11 reflects overstretching injuries occurring in the different quarters of 
exposure.  
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Figure 11: Incidence of overstretching injuries which occurred during 
each quarter of the match/practice 
 
According to Figure 11 overstretching injuries occurred 60% of the time in the 
first quarter which reveals a concern that the participants muscle could not 
withstand the sudden onset of playing. This could be a result of the 
participants’ warm-up prior to exposure. 
 
Figure 12 reflects the warm-up performed, if any, by the injured overstretching 
participants. 
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Figure 12: Modes of warm-up utilised by the overstretched injured 
participants 
 
Figure 12 reveals that the overstretched injured participants warmed-up for at 
most ten minutes with regards to stretching and jogged between five a 15 
minutes. Sherker and Cassell (2002) state a warm-up should bring the player 
to a light sweat, which is followed by a stretching of the muscles. Research 
has shown a warm-up reduces the risk of a musculotendinous injury, while 
enhancing the player’s performance (Sherker and Cassell, 2002).  Research 
by Sherker and Cassell (2002) further found that a specific warm-up to a 
players sport is thought to play an important role with regards to injury 
prevention; an example would be creating a playing situation. Although the 
participants that incurred overstretching injuries in the present study had 
performed sufficient jogging and stretching warm-ups, there was insufficient 
match simulation (20%) warm-up performed. Since there were only a few 
overstretching injuries in the present study, the subject would need to be 
researched further. 
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All the injured participants had warmed-up before they had partaken in a 
match or practice. Table 17 shows the type of warm-up the participants had 
performed before becoming injured.  
 
Table 17: Frequency distribution of the type of warm-up utilised  
 
 Duration 
(Minutes) Stretching  Jogging  Skills Agility 
Match 
Simulation Other 
<5 11% 0% 0% 0% 0% 0% 
5 – 9 83% 94% 94% 100% 83% 50% 
10 - 14 6% 6% 6% 0% 17% 25% 
15 - 20 0% 0% 0% 0% 0% 25% 
 
In Table 17 it is shown that the majority of stretching, jogging, skills, match 
simulation and other types of warm-up had occurred for 5 to 9 minutes. With 
the exclusion of other, the percentages range from 83% to 100% for all types 
of warm-up for a duration of 5 to 9 minutes. 
 
Table 18 reveals whether or not an injured participant continued playing after 
the occurrence of the injury. 
 
Table 18: Frequency distribution of whether the participant continued 
after becoming injured 
 
Participant continued after becoming injured? n Percentage  
No 6 33% 
Yes, part of the match/practice 2 11% 
Yes, rest of the match/practice 10 56% 
 
Table 18 showed that 67% of the participants continued with the match or 
practice after being becoming injured. 
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Table 19 depicts when during the season an injury occurred. The season was 
separated into three periods. Period 1 (beginning of season) was between 
April and May, Period 2 (middle of season) was between June and July and 
Period 3 was between August and September (end of season). 
   
Table 19: Frequency distribution of when the injury occurred during the 
season 
 
Period n Percentage 
Period 1 (April – May) 9 50% 
Period 2 (June – July) 5 28% 
Period 3 (August – September) 4 22% 
 
In Table 19 the majority (50%) of the injuries occurred between April and May 
(period 1), while the injuries tended to become less throughout the season as 
periods 2 and 3 accounted for 28% and 22% of the injuries, respectively. 
 
Dick et al. (2007) found that practice injuries occurred at a rate three times 
higher during the preseason than the in-season and post-season. The 50% in 
period 1 is a result of the season just beginning even though it was not 
specifically the preseason. From period 1 to period 2 (28%) the percentage of 
injuries almost halved and from period 2 to period 3 (22%) there was a further 
though slight decrease. As a result the participants did not suffer from 
overtraining or fatigue in the last period, which may be a result of their fitness. 
 
Finally the results of the Follow-up Questionnaire gave some insight into the 
injuries that occurred. Of the participants that were injured, only 22% went to 
receive a diagnosis from a doctor or physiotherapist. Table 20 depicts the 
type of treatment that was received for the participants’ injuries.  
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Table 20: Frequency distribution of the type of treatment received 
 
Treatment Received  n Percentage 
Rest 12 67% 
Ice 9 50% 
Medication  5 28% 
Rehabilitation 3 17% 
Other 1 6% 
 
The most common treatment was rest (67%) as an injured player would allow 
time for the injury to heal before participating again. The lower percentages 
for medication (28%) and rehabilitation (17%) are a result of only been utilised 
in the more severe injuries. The duration of the treatment ranged from one 
day to two months, depending on each type of injury. 
 
Of the participants that were injured 81% fully recovered, while 13% began 
training without the injury fully recovering and only 6% had not recovered at 
the end of the study. Of those participants that were injured 61% had to miss 
at least one practice and 33% had to miss at least one match. Table 21 
reflects the duration that the injured participants were prevented from playing. 
 
Table 21: Frequency distribution of the duration of the injury if the 
participant was prevented from playing because of the injury 
 
 Duration  n  Percentage 
1 week 6 60% 
2 – 4 weeks 1 10% 
 >4 weeks 3 30% 
 
The majority (60%) of the injuries were resolved in one week. It is interesting 
to note that more injuries lasting longer than four weeks (30%) were observed 
compared to injuries lasting between two to four weeks (10%).  
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4.2.3 Preparation Statistics 
 
Figure 13 reflects a detailed description of the percentage of participants 
(Premier League versus Presidents League) utilising the different 
modes/types of exercise during the season assessed at three different 
periods. The preparation did not include the exercise they were performing 
during NMMU hockey practices and matches and as mentioned earlier the 
three periods were from April to May, June to July and August to September.  
 
0.0%
10.0%
20.0%
30.0%
40.0%
50.0%
60.0%
70.0%
A
na
er
ob
ic
 E
xe
rc
is
e
U
pp
er
 B
od
y
R
es
is
ta
nc
e
Lo
w
er
 B
od
y
R
es
is
ta
nc
e
A
gi
lit
y
C
or
e 
S
ta
bi
lit
y
Te
ch
ni
ca
l H
oc
ke
y
S
ki
lls
B
al
an
ce
 &
P
ro
pr
io
ce
pt
iv
e
A
er
ob
ic
 E
xe
rc
is
e
Fl
ex
ib
ilt
y
Type of exercise through the three periods during the season with regards to the two 
leagues
Pe
rc
en
ta
ge
 (%
)
Premier April - May
President April - May
Premier June - July
President June - July
Premier August - September
President August - September
 
 
Figure 13: The percentage of participants in the respective two leagues 
utilising the various exercise types during the three different periods of 
the season, not including hockey practices and matches 
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The first mode of exercise represented is anaerobic exercise; Figure 13 
shows that the Premier participants showed a higher percentage participation 
in this mode of exercise throughout the year when compared to their 
President counterparts. With the President participants going below 20% from 
the middle period to the last period, while the Premier participants only going 
below 30% in the last period. The decrease was to reduce the risk of 
overtraining and therefore risk of injury. Great anaerobic capacity is one of the 
major requirements a hockey player needs to perform many brief bursts of 
high energy release as seen in hockey (Elferink-Gemser et al., 2006). 
 
With upper body resistance exercises the Premier participants reflected 
percentage participation below that of the President participants at 32% and 
41%, respectively. This was reversed for the last two periods with the Premier 
participants increasing slightly to 36% in the last period. The upper body 
training in hockey may not be of great importance, but strength conditioning 
will still benefit a hockey player with regards to a hockey swing and gripping a 
hockey stick (Faigenbaum and Westcott, 2000). Even though there is less 
need for increased upper body strength in hockey, between 29% and 41% of 
the participants utilised upper body training. 
 
With the lower body resistance exercises on the other hand the President 
participants scored higher throughout the season although both groups’ 
participation rate tended to drop as the season progressed. The decrease 
may be due to the maintenance of the participants’ leg strength as to 
decrease overtraining in the legs. A reason for this is because hockey is 
primarily a sport that focuses on leg strength and endurance (Price, 2003). 
 
Agility exercises were performed by both groups at identical levels in the first 
period at a participation rate of 24%. Both groups decreased their participation 
rate through the season with the President participants not performing any 
agility exercise in the last period. As players are exposed to injuries during 
activities such as running, turning, twisting and stretching as described by 
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Sherker and Cassell (2002), this lower percentage of agility training should be 
increased as an injury preventative measure. 
 
In respect of core exercises, the Premier participants maintained a higher 
participation rate throughout the season, consistently maintaining it at the 
40% mark for the first two periods tested and slightly lower for the last period 
tested. It shows the importance of training the player’s core muscles if a 
player needs to be competitive at a higher level. The striking action in hockey 
requires a player to transfer force efficiently from the legs to the upper body, 
which is accomplished by the strong midsection muscles (Faigenbaum and 
Westcott, 2000). 
 
The Premier League participants (n=25) were significantly higher in the first 
(Chi²(1)=3.95, p=.047; V=0.31 Medium) and second periods (Chi²(1)=6.09, 
p=.014; V=0.38 Medium) with regards to technical hockey skills training. The 
higher training percentage of technical skills shows the differences needed to 
participate at a higher level to be competitive in hockey. 
 
The proprioceptive and balance training was not performed by either group 
besides a small portion of Premier participants during the first and middle 
periods of 4%. Perhaps the lack of such training could be a major contributing 
causal factor of the non-contact injuries, which accounted for 45% of all the 
injuries. Among other injuries Dick et al. (2007) explained that athletes with a 
history of ankle sprains should partake in conditioning programs which include 
balance training exercises. They further explained that neuromuscular and 
balance training programs and bracing or prophylactic tape may reduce the 
risk of ankle injury by up to 50%. 
 
The highest rate of training observed for participants was in aerobic exercise, 
with the President participants maintaining a higher percentage than the 
Premier participants, with an increase in the middle and last period to 65%. 
The high percentage of training towards the end of the season may be the 
cause of the injuries which occurred at the end of the season. The President 
participants (n=17) had a higher incidence of aerobic training than the Premier 
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participants (n=25) especially in period 3, where there was no significant 
difference (Chi²(1)=2.47, p=.116). The reason for the high number of 
participants performing aerobic training is because a high level of aerobic 
fitness is predominantly required for hockey according to Jusoh (2008).  
 
Finally the flexibility training performed by the participants began at 28% and 
24% for the Premier and President groups, respectively. The Premier 
participants steadily dropped to 24% and then 16% in the last two periods, 
while the President participants maintained the 24% in the middle period and 
then decreased to 18% in the last period. As flexibility training was not as high 
as other modes of exercise, it could have attributed to the causes of the 
overstretching injuries, although the participants did partake in stretching 
before and after practices as part of their warm-up and cool-down schedule. 
 
4.2.4 Repeated Sprint (RS) and Multi-Stage Shuttle Run 
(MSSR) Statistics 
 
The Repeated Sprint (RS) Test was administered during the commencement 
of period 1 and during the last two weeks of period 3, to monitor the 
participants’ anaerobic fitness at the beginning of the season and at the end. 
Table 22 depicts the descriptive statistics for the study and both leagues 
separated, so the two may be compared.  
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Table 22: Descriptive statistics for the Repeated Sprint Test (metres) 
 
 All Premier President 
Statistics Period 1 Period 3 Period 1 Period 3 Period 1 Period 3 
N* 39 41 24 25 15 16 
Mean 752.1 752.3 752.5 754.8 751.3 748.4 
SD 29.5 30.8 32.1 35.1 25.9 22.9 
Min 655.0 670.0 655.0 670.0 680.0 690.0 
Quartile 1 745.0 740.0 748.8 740.0 745.0 737.5 
Median 760.0 750.0 757.5 755.0 760.0 750.0 
Quartile 3 767.5 770.0 770.0 780.0 765.0 760.0 
Maximum 800.0 810.0 800.0 810.0 785.0 795.0 
*Participants that were absent was due to either being sick or injured 
 
Table 22 shows that the mean for the study in respect of the total distance 
covered (in motion) during the RS Test was 752.1m and 752.3m for the first 
and last period respectively. This shows that the participants were at similar 
anaerobic fitness levels at the beginning and end of the season. The means 
for the Premier League (752.5m) and President League (751.3) are similar in 
period 1, but in period 3 the Premier participants’ mean increased to 754.8m, 
while there was a greater difference compared to the President participants as 
the latter’s mean value decreased to 748.4m, but the decrease is not 
statistically significant (t-stat = 0.64, d.f = 39, p-value = .525). The reason for 
the slight difference may be because of the Premier participants performing a 
higher percentage of anaerobic fitness training throughout the season.  The 
decrease in anaerobic fitness of President participants in Period 3 may be one 
of the factors that accounted for the large number of injuries in the President 
League, even though the decrease was small. 
 
Table 23 presents the descriptive statistics for the Multi-Stage Shuttle Run 
(MSSR) Test administered during period 1 and 3.  
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Table 23: Descriptive statistics for the Multi-Stage Shuttle Run Test 
(VO2max in ml.kg-1.min-1) 
 
  All  Premier  President 
Statistics Period 1 Period 3 Period 1 Period 3 Period 1 Period 3 
n* 38 41 23 25 15 16 
Mean 55.42 55.59 55.70 56.67 54.99 53.91 
SD 4.97 6.95 5.13 7.80 4.84 5.15 
Min 39.20 40.20 39.20 40.20 46.50 43.90 
Quartile 1 52.05 51.40 52.70 51.40 51.80 51.40 
Median 57.40 56.00 57.40 59.30 57.40 55.40 
Quartile 3 58.93 60.90 59.00 61.10 58.70 57.40 
Maximum 62.00 67.80 62.00 67.80 59.00 61.10 
*Participants that were absent was due to either being sick or injured. 
 
Table 23 indicates that the mean VO2max values for the total group of 
participants did not increase greatly from period 1 to period 3 (55.42 to 
55.59ml.kg-1.min-1) and that as was seen for the Repeated Sprint Test results 
the Premier League mean increased from 55.70 to 56.67ml.kg-1.min-1, while 
the President League mean decreased from 54.99 to 53.91ml.kg-1.min-1. The 
mean value of the President participants is slightly lower for period 1 and 
more so for period 3, when compared to the Premier participants. However 
this difference is not significant for period 1 (t-stat = 0.43, p-value = .669) or 
period 3 (t-stat = 1.25, p-value = .220). The President participants however 
had a higher percentage for aerobic training through the entire season (Figure 
13). As seen with the RS Test the decrease, however small, between period 1 
and 3 for the President participants may be a cause of the increase in injuries 
depicted within the President League. 
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4.2.5 The relationship between Injuries and Preparation 
 
In this section, the relationship between injuries and preparation is described 
to determine whether the participants’ preparation may be another 
mechanism of the injuries observed in this study. 
 
Firstly a few participants had to be excluded as to provide the required 
sample. Any participant that was not injured and those who received injuries 
from a stick or ball were not included, this left nine participants. These nine 
participants incurred injuries that had occurred from falling or collisions as it 
was not always clear why they had fallen or collided with another object, as it 
could have been due to there fitness level. 
 
In Table 24 the descriptive statistics of the Repeated Sprint Test for the 
participants that were not injured or were injured by a stick or ball (NSB) are 
compared to participants that were injured by another mechanism (IAM).  
 
Table 24: Descriptive statistics for the Repeated Sprint Test (metres) in 
respect of the group of participants that were either not injured or 
injured by a stick or ball (NSB) versus the group of participants that 
were injured by another mechanism (IAM) 
 
 NSB IAM 
Statistics Period 1 Period 3 Period 1 Period 3 
n* 31 33 8 8 
Mean 753.6 753.9 746.3 745.6 
SD 26.84 28.44 39.98 40.57 
Min 655.0 670.0 680.0 680.0 
Quartile 1 747.5 740.0 731.3 731.3 
Median 760.0 750.0 760.0 757.5 
Quartile 3 765.0 770.0 772.5 765.0 
Maximum 800.0 810.0 785.0 795.0 
*Participants that were not present was due to either being absent due to a virus or were injured 
 87
 
The means of the NSB participants in Table 24 show that their anaerobic 
fitness levels were higher for periods 1 (n=31) and 3 (n=33) than those for the 
IAM (n=8 for periods 1 and 3), as they were 753.6m and 753.9m, respectively. 
The IAM’s were slightly lower for both at 746.3m and 745.6m, respectively. 
However these differences are not significant for period 1 (t-stat = 0.62, p-
value = .540) and period 3 (t-stat = 0.68, p-value = .500). No significant 
differences were found either in frequency distributions of the two sample 
groups (Chi2= 1.84, d.f = 2, p-value = .399; period 1) and (Chi2 = 0.09, d.f = 2, 
p-value = .955; period 3). Although the difference was slight between the 
means there was no evidence to suggest that the participants’ anaerobic 
fitness or lack thereof, lead to any injuries. 
 
Table 25 shows the descriptive statistics of the Multi-Stage Shuttle Run Test 
(VO2max) for the NSB participants and IAM participants.  
 
Table 25: Descriptive statistics for the Multi-Stage Shuttle Run Test 
(VO2max) in respect of the group of participants that were either not 
injured or injured by a stick or ball (NSB) versus the group of 
participants that were injured by another mechanism (IAM)  
 
 NSB IAM 
Statistics Period 1 Period 3 Period 1 Period 3 
n* 30 33 8 8 
Mean 55.70 55.83 54.39 54.63 
SD 4.21 6.64 7.45 8.56 
Min 47.10 40.20 39.20 40.20 
Quartile 1 52.05 51.40 53.85 51.93 
Median 57.40 57.40 58.05 55.70 
Quartile 3 58.93 60.90 58.78 60.95 
Maximum 62.00 67.80 59.30 64.90 
*Participants that were not present was due to either being absent due to a virus or were injured 
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In Table 25 the means of the NSB participants were 55.70 and 
55.83ml.kg-1.min-1 for period 1 (n=30) and 3 (n=33) respectively, which shows 
that they had a slightly superior aerobic fitness, as the IAM participants’ 
corresponding mean values were 54.39 (n=8) and 54.63ml.kg-1.min-1 (n=8) 
respectively. These differences however were not significant for period 1 (t-
stat = 0.66, p-value = .515) nor for period 3 (t-stat = 0.43, p-value = .666). 
There were also no significant differences found when comparing the 
frequency distributions of the two samples (Chi2= 0.03, d.f = 2, p-value = .986; 
period 1) and (Chi2 = 0.06, d.f = 2, p-value = .972; period 3). The participants 
who achieved a lower score for the two tests may have resulted in them 
having a higher risk for an injury. However the differences of the means 
between the NSB and IAM groups were slight and there was no evidence to 
suggest that the participants’ aerobic fitness or lack thereof, lead to or 
prevented any injuries. 
 
Table 26 reveals the preparation through the three periods in respect of the 
NSB and IAM groups. The preparation is expressed as the number of hours 
spent participating in the overall training modes. 
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Table 26: Descriptive statistics for the preparation of the participants 
(hours) in respect of the group of participants that were either not 
injured or injured by a stick or ball (NSB) versus the group of 
participants that were injured by another mechanism (IAM)  
 
 NSB IAM 
Statistics Period 1 Period 2 Period 3 Period 1 Period 2 Period 3 
n 33 33 33 9 9 9 
Mean 2.71 2.60 2.13 2.71 2.78 2.64 
SD 3.16 3.10 2.89 3.27 3.20 2.95 
Min 0.00 0.00 0.00 0.00 0.00 0.00 
Quartile 1 0.00 0.00 0.00 0.00 0.00 0.00 
Median 1.67 1.17 0.50 0.00 1.00 1.00 
Quartile 3 4.33 4.92 4.00 5.50 5.17 4.83 
Maximum 10.83 10.83 9.83 7.58 8.67 8.17 
 
In Table 26 the means show a small difference through the three periods with 
the largest being the difference between period 2 and 3. The IAM participants  
(n=9 for periods 1, 2 and 3) had higher mean scores than the NSB 
participants (n=33 for periods 1,2 and 3) for period 2 and 3 but these 
difference were not significant for period 1 (t-stat = 0.00, p-value = .997), 
period 2 (t-stat = -0.15, p-value = .879) and period 3 (t-stat = -0.47, p-value = 
.641). The differences between the two samples were also not significant with 
regards to the frequency distribution for period 1 (Chi2= 5.43, d.f = 2, p-value 
= .066), for period 2 (Chi2= 0.31, d.f = 2, p-value = .857) and period 3 (Chi2 = 
0.49, p-value = .784). A possible reason for the insignificant differences may 
be due to the IAM group being only nine participants. 
 
Figure 14 graphs the comparison of the preparation of the NSB and IAM 
groups during the season. The results in Figure 10 are expressed as the 
percentage of the participants that performed the different modes of exercise 
during the season.  
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Figure 14: The percentage involvement of the NSB and IAM groups in 
the various types of exercise during the three different periods of the 
season, not including hockey practices and matches 
 
In Figure 14 the difference in participation between the two sample groups 
with regards to Anaerobic Exercise is not large. In the first period the NSB 
participants have a slightly higher percentage participation, as the season 
progresses the last period shows that both groups have decreased their 
participation and that the IAM participant’s have higher values. With regards 
to Upper Body Resistance the NSB participants maintain a percentage of 39% 
(period 1), 33% (period 2) and 33% (period 3) through the season, whereas 
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the IAM participants are only able to match the NSB participants in the last 
period. The first two periods are reported at 22%. Once again it can be seen 
in the graph reflecting the Lower Body Resistance mode of exercise that the 
NSB participants score higher in the first two periods, 36% and 30%, 
respectively. The IAM participants maintain a score of 22% throughout the 
season and are slightly higher in the last period as the NSB participants were 
at 21%. Remarkably the IAM participants were superiorly dominant in the 
Agility graph, as they achieved 33% for periods 1 and 2, then decreasing to 
22%, while the NSB participants only achieved values of 21%, 9% and 3% for 
period 1, 2 and 3. This may reveal that the IAM participants may have been 
overtraining with regards to agility as this does not include the agility training 
that was being performed at practice. The Core Stability of both groups of 
participants was equal during the season, besides a slight decrease by the 
NSB participants in period 3. The NSB group reflect a slightly higher 
participation rate with regards to Technical Hockey Skills through periods 1 
and 2, while the IAM group were higher in the last period. With regards to 
Balance and Proprioceptive training there was little participation from both 
groups, with NSB participants only performing 3% during periods 1 and 2. The 
fact that the amount of balance and proprioceptive training was almost zero, 
besides for 4% of the NSB group in periods 1 and 2 raises concerns that if the 
participants do not partake in a conditioning program that includes balance 
training, it may result in injuries. In terms of Aerobic Exercise participation 
rates the IAM participants scored lower than the NSB participants in period 1, 
but in period 2 and 3 increased substantially resulting in a higher participation 
rate within those periods compared to the NSB participants. Finally, in the 
Flexibility preparation it is once again remarkable to see that the IAM group 
remains at the same level as the season progresses while the NSB group 
decreases.  
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Chapter 5: Summary, Conclusions and 
Recommendations 
 
5.1. Introduction 
 
The results and discussion of the study were reflected in Chapter 4.  In 
Chapter 5 the aim, methods and procedure are summarised as well as the 
results and discussion. Limitations of the study are explained at the end of the 
chapter, with conclusions and recommendations that follow. 
 
5.2. Summary 
 
The study set out to compare the incidence and mechanism of injuries that 
occurred in the Nelson Mandela Metropolitan University hockey teams that 
play in the Premier and President Leagues and to determine the relationships 
between the level of physical preparation of the relevant players and injury 
occurrence.  
 
The study was conducted over a six month period which was the 2008 hockey 
season at the Nelson Mandela Metropolitan University. The study utilised an 
exploratory-descriptive epidemiological approach, implementing a cohort 
study design. During the six month period two tests were performed on the 
participants: one to assess their aerobic fitness and the other to assess their 
anaerobic fitness. This was performed at the beginning and at the end of the 
season. In addition to the fitness tests, the participants completed four 
questionnaires to determine the following:  the players’ personal information 
and medical history, the preparation and training the players did for hockey, 
the incidence and mechanism of the injury the players have incurred and the 
follow-up of the injury to describe the type of injury and the rehabilitation 
process.  The results were statistically analysed using inferential statistics 
such as the t-test and Cohen’s d to determine both the statistical and practical 
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significance of differences between groups. The statistical significance of 
differences between the frequency distributions of the two sample groups was 
determined by means of Chi2 tests of independence with Cramér’s V statistic 
when there were statistically significant Chi2 tests results were found to 
determine the practical significance of the two sample group’s differences.  
 
The variable of highest level of play showed the only significant difference 
with regards to screening statistics as the Premier League participants had a 
higher number of years participating at a provincial level. The injury statistics 
revealed that the incidence of injury in the Premier League was 4.08 injuries 
per 1000 A-E, while there was a significantly higher incidence for the 
President League of 14.71 injuries per 1000 A-E. Matches showed a 
significantly higher injury incidence (8.18 injuries per 1000 A-E) than practices 
(2.42 injuries per 1000 A-E) which follows previous research. Goalkeepers 
and halves showed the highest occurrence of injuries (36% each) and are 
supported by 59% of the injuries occurring on the defensive side of the 23 
metre line. Contact injuries (collision 6%, hit by stick 17% and hit by ball 33%) 
accounted for 56% of all the injuries. No significant differences were found 
between the two leagues with regards to preparation, the Multi Stage Shuttle 
Run Test (MSSRT) and the Repeated Sprint Test (RST), except for one 
period each for technical skills and aerobic training. The relationship between 
injuries and training showed no significance with regards to preparation, 
MSSRT and RST, although there was minimal balance and proprioceptive 
training performed. Thus the lower league showed a significantly higher 
incidence of injury with preparation not being a mechanism for injuries. 
 
5.3. Limitations 
 
There were reasons which caused the study as a whole to be limited; these 
are the most prevalent ones: 
 
 The number of injuries occurring in this study was too few to find 
significant differences utilising appropriate inferential statistics. 
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 The majority of previous studies reported findings on female hockey 
and there is limited research on male hockey players to find a fair 
comparison. 
 
 The definition for an injury varies from different publications as some 
definitions include acute and chronic injuries, while others only include 
chronic injuries. 
 
 The unit for the rate of injury varies between previous studies as they 
utilise different rates such as injuries per 1000 hours of exposure, 
injuries per 1000 A-E or injuries per participant. 
 
The mentioned limitations should therefore be considered when interpreting 
the results. 
 
5.4. Conclusion 
 
The aims and objectives that were presented in Chapter 1 were achieved by 
the following conclusions:  
 
 The results showed that the injury types that were prevalent in the 
hockey teams at NMMU during the 2008 season were contusions 
(33%), strains (22%), sprains (17%), tears (11%), lacerations (6%), 
dislocations (6%) and scratches (6%) which showed no differences 
with previous studies.  
 
 The incidence of these injuries was 4.24 injuries per 1000 A-E for the 
whole study. 
 
 The most prevalent injury mechanisms observed were being hit by a 
ball (33%), overstretching (28%), hit by a stick (17%), falling (17%) and 
collisions (6%).  
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 The most prevalent player positions that incurred injuries were the 
halves and sweepers (36%) and goalkeepers (36%) which both agrees 
and disagrees with previous studies, showing that further research is 
needed.  
 
 The incidence of injury for the Premier League was 4.08 injuries per 
1000 A-E, while the incidence of injury for the President League was 
significantly higher at 14.71 injuries per 1000 A-E. The results of the 
significant difference between the two leagues indicate that hockey in a 
lower league results in a higher rate of injuries. The reason for this was 
the higher rate of contact injuries (77%) occurring in the President 
League. 
 
 The preparation of the participants in the study did not reflect 
significant differences between the Premier and President League, 
although the President League participants had lower means for the 
RS Test and MSSR Test throughout the season.  
 
 The preparation of the players did show a significant difference in 
overtraining towards the end of the season for agility and as a result 
may have been a factor in injuries occurring that were not caused by a 
stick or a ball.  
 
 No other significant differences were found between the NSB and IAM 
groups, although there was a trend for the IAM group to have a lower 
mean for the RS test and MSSR test in periods 1 and 3.  
 
5.5. Recommendations 
 
The following recommendations are made for further research: 
 
 One precise injury definition has to be achieved for further research to 
be comparable. 
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 Further research should only utilise one unit for incidence of injury as 
the unit rates utilised by different studies are not comparable.  
 
 The present study should be repeated utilising a larger number of 
participants. Research on the relationship between 
balance/proprioception training and intrinsic injuries in hockey would 
assist on determining whether it would prevent injuries. 
 
 Further research should investigate the effectiveness of hockey 
equipment and safety equipment with regards to the strike force of a 
hockey stick.  
 
 The effectiveness of the utilisation of safety equipment to prevent 
injuries needs to be determined.  
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 Appendix A 
 
 
 
NELSON MANDELA METROPOLITAN UNIVERSITY 
  
INFORMATION AND INFORMED CONSENT FORM 
 
Title of the research project 
 
THE INCIDENCE AND MECHANISM OF INJURIES 
OCCURING IN THE PREMIER AND PRESIDENT 
LEAGUE HOCKEY TEAMS AT THE NELSON 
MANDELA METROPOLITAN UNIVERSITY 
Reference number (for official 
use) 
 
 
Principal investigator 
 
ROSTIN WALKER 
Address 
 
 
Postal Code 
1 EDEN PARK 
        GOMERY AVENUE 
  SUMMERSTRAND 
  PORT ELIZABETH 
  6001 
 
Contact telephone number 
 
0723766860 
rostinwalker@gmail.com 
 
 
A. DECLARATION BY OR ON BEHALF OF PARTICIPANT 
 (Person legally competent to give consent on behalf of the participant) 
 
Initial 
 
I, the participant and the 
undersigned  
I.D. number  
OR 
I, in my capacity as 
of the participant 
I.D. number 
 
Address (of participant) 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
A.1 I HEREBY CONFIRM AS FOLLOWS: 
 
1. I, the participant, was invited to participate in the above-mentioned research project that is 
being 
 undertaken by 
 
 of the Department of  
 in the Faculty of 
 
 of the Nelson Mandela Metropolitan University. 
 
Rostin Walker 
Human Movement Sciences 
Health Sciences 
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2. The following aspects have been explained to me, the participant: 
 
2.1 Aim:  The investigator is studying the how and why injuries occur in the premier and 
president league hockey teams at NMMU 
 
 
 The information will be used for: purposes of developing prevention strategies for the        
occurrence of injuries and/or future studies in this field. 
 
 
 
 
 
2.2 Procedures:  I understand that there will be continuous surveying of the premier and president 
league hockey sides from NMMU for the 2008 hockey season. 
 
 
 
 
2.3 Risks: There are no risks to any participant. 
 
 
 
 
2.4 Possible benefits:  As a result of my participation in this study I expect to gain insight into 
what may cause my injuries, how often they occur as well as how I could prevent them in the future. 
 
 
 
 
2.5 Confidentiality:  My identity will not be revealed in any discussion, description or scientific 
 publications by the investigators. 
 
 
 
2.6 Access to findings:  Any new information/or benefit that develops during the course of the 
study will be shared with me. 
 
 
 
 
2.7 Voluntary participation/refusal/discontinuation:   
 
 My participation is voluntary 
 
 My decision whether or not to participate will in no way affect my present or future 
 care/employment/lifestyle  
 YES  NO 
 TRUE  FALSE 
 
 
3. The information above was explained to me/the participant by 
 
 
 
 in  
 
 and I am in command of this language. I was given the opportunity to ask questions and all 
these questions were answered satisfactorily. 
Rostin Walker  
Afrikaans  English  Xhosa  Other  
 
 
4. No pressure was exerted on me to consent to participation and I understand that I may 
withdraw at any stage without penalisation. 
 
 
 
5. Participation in this study will not result in any additional cost to myself. 
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A.2 I HEREBY VOLUNTARILY CONSENT TO PARTICIPATE IN THE ABOVE-MENTIONED 
 PROJECT  
 
 Signed/confirmed at  
  
 
 
 
Signature of witness 
 
 
 
 
 
 
Signature or right thumb print of participant 
 
 
 
Full name of witness  
 on  20 
 
 
B. STATEMENT BY OR ON BEHALF OF INVESTIGATOR(S) 
 
I, Rostin Walker [I.D.: 8508305055083] declare that 
 
- I have explained the information given in this document to 
 
 
  
- he was encouraged and given ample time to ask me any questions; 
 
- this conversation was 
conducted in  
 
 and no translator was used. 
 
- I have detached Section C and handed it to the 
participant  
 
 Signed/confirmed at  
    
 
 
Signature of witness 
 
 
 
 
Signature of interviewer 
 
 
Full name of witness  
                                                                                                                  (name of participant) 
Afrikaans  English  Xhosa  Other  
 YES  NO 
 on  20 
 
 
C. IMPORTANT MESSAGE TO PATIENT/REPRESENTATIVE OF PARTICIPANT 
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Dear participant/representative of the participant 
 
Thank you for your/the participant’s participation in this study.  Should, at any time during the study: 
 
- an emergency arise as a result of the research, or 
- you require any further information with regard to the study 
 
 
 Kindly contact  
 at telephone number 
  
Rostin Walker 
0723766860 
Appendix B 
 
Ethics approval: NMMU Research Ethics Committee (human) 
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APPENDIX C 
Letter to participants  
 
 
 
 
 
 
Dear Participant 
 
You are being asked to participate in a research study. We will provide you with the 
necessary information that will help you understand the study, its purpose and what is 
expected of you (participant). The risks and benefits of the study and your rights as a 
participant in this project will also be explained. If anything is not clear please feel 
free to ask the researcher to explain it again.  
 
To participate you will be asked to give your written informed consent which will 
include your signature and date and placing your initials on each section indicating 
that you understand what will be required of you as a participant.  
 
You have the right to ask questions concerning the study at any time. You also have 
the right to report any problems you have during the study to the researcher by calling 
the number listed below. 
 
Also, it is important for you to know that this study has been approved by the Human 
Ethics Committee, which is a group of independent experts whose responsibility it is 
to help ensure the rights and welfare of the participants in research are protected and 
that the study is carried out in an ethical manner. The study cannot be conducted 
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without the Human Ethics Committee’s approval and The Human Ethics Committee 
can also answer any questions about your rights as a research subject. 
 
Participation in the research is completely voluntary. You are not obliged to take part 
in the research. If you chose not to participate, your choice will be respected.  
 
If you agree to take part, you have the right to withdraw from the study at anytime 
without penalty.  
 
Your identity will remain confidential at all times and the results of the research study 
may be presented at scientific conferences or in special publications, but your identity 
will not be shown.  
 
This informed consent statement has been prepared in compliance with current 
statutory guidelines. 
 
Please feel free to contact me any time in the future 
 
Yours sincerely 
 
 
Rostin Walker        Prof R. Du Randt 
Nelson Mandela Metropolitan University    Supervisor 
Tel: 0723766860 Tel: 041 504 2499 
 
 110
Appendix D 
 
 
 
 
 
SCREENING QUESTIONNAIRE 
Please complete all the sections of this questionnaire and/or mark the appropriate block with an 
“X”: 
 
 
 
 
 
 
 
 
 
 
A. PERSONAL DETAILS 
1. Name:  
2. Date of birth: D D M M Y Y  
3. Tel:                                  (cell)                                 (w/h)   
4. Email address:  
5. Postal address:  
 
 
 
 
B. HOCKEY INFORMATION 
1. Hockey team: Premier League A 1 Premier League B 2 President League 
3 
SW 1 CH2 LH3 RH4 CL5 LL6 2. Playing Position 
Normal: RL7 CF8 LW9 RW10 G11 
SW 1 CH2 LH3 RH4 CL5 LL6 3. Other Playing 
Position: RL7 CF8 LW9 RW10 G11 
Club 
president 
league 1 
Club 
premier 
league 2 
SASSU 3 4. Highest level of play 
(Mark with an “X”) 
Provincial 
U/21    4 
Provincial 
5 
National u/21       6 
National7 
School:  Provincial:  5. Please indicate the number of years that you 
have played hockey at the following levels:  
Club:  National:  
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C. EQUIPMENT 
1. Shinpads: Rubber 1 Plastic 2 Foam 3 Other 4 
If other, please indicate what material 
your shinpads consist of: 
 
2. Shoes: Hockey boots with rubber studs 1 Trainers 2 Other 3 
If other, please indicate what type of 
shoes they are: 
 
Gum guard 1 Ball box 2 Face mask 3 3. Other safety equipment you 
usually would use: Glove/s 4 Other 5 
If other, please indicate what 
equipment it is: 
 
D. HOCKEY MEDICAL HISTORY 
1. Have you ever had a major hockey injury occur to you 
(major being any injury that has caused you to stop 
competing in hockey for more than a week)? 
Yes 1 No 2 
If Yes please fill in the following (Fill in injury form 2 and 3 in if you have had more 
than 1 major injury): 
 Injury Form 1: 
1. What part of the body was injured? 
Head 1 Neck 2 Back 3 Chest 4 L/upper 
arm 5 
R/upper 
arm 6 
L/lower arm 7 
R/lower 
arm 8 
Abdomen 
9 
L/hip 10 R/hip 
11 
L/upper 
leg 12 
R/upper 
leg 13 
L/lower leg 14 
R/lower 
leg 15 
L/knee 16 R/knee 
17 
L/ankle 
18 
R/ankle 
19 
L/foot 20 R/foot 21 
L/hand 
22 
R/hand 
23 
L/elbow 
24 
R/elbow 
25 
L/shoulder 
26 
R/shoulder 
27 
Other (please 
specify) 28: 
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Sprain 
1 
Tear 
2 
Laceration 
3 
 
Fracture 
4 
Contusion 5 2. What type of 
injury 
occurred? 
Dislocation 6 Scratch 7 Strain 8 Other 9 
If other, please 
specify: 
 
3. Did you go through rehab for your 
injury: 
Yes 1 No 2 
4. If yes, how successful was your 
rehab: 
Fully 
recovered 1 
 
Injury still 
present, but 
training again 2 
Did not 
recover 3 
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Injury Form 2: 
1. What part of the body was injured? 
Head 1 Neck 2 Back 3 Chest 4 L/upper 
arm 5 
R/upper 
arm 6 
L/lower arm 7 
R/lower 
arm 8 
Abdomen 
9 
L/hip 10 R/hip 
11 
L/upper 
leg 12 
R/upper 
leg 13 
L/lower leg 14 
R/lower 
leg 15 
L/knee 16 R/knee 
17 
L/ankle 
18 
R/ankle 
19 
L/foot 20 R/foot 21 
L/hand 
22 
R/hand 23 L/elbow 
24 
R/elbow 
25 
L/shoulder 26 R/shoulder 27 
Sprain 1 Tear 2 Laceration 3 Fracture 4 Contusion 5 2. What type of 
injury occurred? 
Dislocation 6 Scratch 7 Strain 8 Other 9 
If other, please 
specify: 
 
3. Did you go through rehab for your 
injury: 
Yes 1 No 2 
4. If yes, how successful was your rehab: Fully 
recovered 1 
 
Injury still 
present, but 
training again 
2 
Did not 
recover 3 
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Injury Form 3: 
1. What part of the body was injured? 
Head 1 Neck 2 Back 3 Chest 4 L/upper 
arm 5 
R/upper 
arm 6 
L/lower arm 7 
R/lower 
arm 8 
Abdomen 
9 
L/hip 10 R/hip 11 L/upper 
leg 12 
R/upper 
leg 13 
L/lower leg 14 
R/lower 
leg 15 
L/knee 16 R/knee 
17 
L/ankle 18 R/ankle 
19 
L/foot 20 R/foot 21 
L/hand 
22 
R/hand 23 L/elbow 
24 
R/elbow 25 L/shoulder 26 R/shoulder 27 
Sprain 1 Tear 2 Laceration 3 Fracture 4 Contusion 5 2. What type of 
injury occurred? 
Dislocation 6 Scratch 7 Strain 8 Other 9 
If other, please 
specify: 
 
3. Did you go through rehab for 
your injury: 
Yes 1 No 2 
4. If yes, how successful was your 
rehab: 
Fully recovered 1 
 
Injury still present, but 
training again 2 
Did not 
recover 3 
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Appendix E 
 
 
PREPARATION QUESTIONNAIRE 
Please complete all the sections of this questionnaire and/or mark the appropriate block with an 
“X”: 
Name: 
E. TRAINING 
1. Do you partake in training specific to hockey (not 
including practices) and/or general conditioning? 
Yes 1 No 2 
If yes, please complete the following: 
2. Types of training you partake in (Mark with an “X” and please indicate next to 
each how many times a week  and for how long at a time you partake in that 
activity, this does not include hockey practice): 
Type of training Minutes per 
day on 
average 
Times per week 
 
    1 2  3               4  
2.1. Anaerobic exercise 
e.g. sprinting, quick stepping 1 
  
 
1 
 
 
 
2 
 
 
 
3 
 
 
 
>=4 
2.2. Upper body resistance 
e.g. bench press 2 
  
 
1 
 
 
 
2 
 
 
 
3 
 
 
 
>=4 
2.3. Lower body resistance 
e.g. squats 3 
  
 
1 
 
 
 
2 
 
 
 
3 
 
 
 
>=4 
2.4. Agility 
e.g. T run, figure 8 run 4 
  
 
1 
 
 
 
2 
 
 
 
3 
 
 
 
>=4 
2.5. Core stability 
e.g. sit-ups, bridging 5 
  
 
1 
 
 
 
2 
 
 
 
3 
 
 
 
>=4 
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2.6. Technical hockey skills 
e.g. shooting at goals, yard stick 6 
  
 
1 
 
 
 
2 
 
 
 
3 
 
 
 
>=4 
2.7. Balance & proprioceptive 
e.g. balancing on a wobble board 7 
  
 
1 
 
 
 
2 
 
 
 
3 
 
 
 
>=4 
2.8. Aerobic exercise 
e.g. running 5km 8 
  
 
1 
 
 
 
2 
 
 
 
3 
 
 
 
>=4 
2.9. Flexibility 
e.g. stretching your hamstrings 9 
  
 
1 
 
 
 
2 
 
 
 
3 
 
 
 
>=4 
3. Do you vary your programme during the month? Yes 1 No 
2 
4. If yes, how many weeks in the month are 
varied? 
 
1 
 
 
2 
 
 
3 
 
 
4 
5. Have you missed any matches? 
 
Yes 1 No 2 
6. If yes, how many 
 
1 
 
 
2 
 
 
3 
 
 
More 4(please specify): 
 
7. Have you missed any practices? 
 
Yes 1 No 2 
8. If yes, how many 
 
1 
 
 
2 
 
 
3 
 
 
More 4(please 
specify): 
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Appendix F 
 
 
 
INJURY QUESTIONNAIRE 
Please complete all the sections of this questionnaire and/or mark the appropriate block with an 
“X”: 
 
F. CHARACTERISTICS OF THE INJURY 
Name:  Date:     
1. When did the injury occur? Practice          1 Match              2 
2. What part of the body was injured? 
Head 1 Neck 2 Back 3 Chest 4 L/upper 
arm 5 
R/upper 
arm 6 
L/lower arm 7 
R/lower arm 8 Abdomen 
9 
L/hip 10 R/hip 
11 
L/upper 
leg 12 
R/upper 
leg 13 
L/lower leg 14 
R/lower leg 15 L/knee 16 R/knee 17 L/ankle 
18 
R/ankle 
19 
L/foot 20 R/foot 21 
L/hand 22 R/hand 
23 
L/elbow 
24 
R/elbow 
25 
L/shoulder 26 R/shoulder 
27 
Other (please 
specify) 28: 
Sprain 1 Tear 2 Laceration 3 Fracture 4 3. What type of injury 
occurred? 
Contusion 5 Dislocation 6 Scratch 7 Strain 8 Other 
9 
4. If other, please 
specify: 
 
SW 1 CH2 LH3 RH4 CL5 LL6 5. What position were you playing 
when the injury occurred? 
RL7 CF8 LW9 RW10 G11 
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6. Where on the field were 
you when the injury 
occurred? 
 
 
 
 
 
        1   2 
 
 
 
 
3 
 
 
 
 
 
4 
 
 
 
 
 
 
5        6 
 Playing Direction  
7. Has this specific injury occurred before? Yes 1 No 2 
8. On what type of artificial surface were you 
playing on? 
Water-based 1 Sand-based 2 
9. If it was water-based, how was the surface prepared? Dry 1 Wet 2 Drenched 3 
10. Indicate how the injury occurred? 
Overstretched 1 Tripped 2 Slipped 3 Fell 4 
Collision 5 Hit by stick 6 Hit by ball 7 Trodden on foot 8 
Sudden stop 9 Sharp turn/twist 10 Other (Please specify) 11: 
11. Did you carry on playing? No 1 Yes-part of the 
game/practice 2 
Yes-rest of the 
game/practice 3 
 
12. When did the injury take place during the match/practice (roughly)? 
1st Quarter 1 2nd Quarter 2 3rd Quarter 3 4th Quarter 4 
13. Did you warm-up before the match/practice? Yes 1 No 2 
14. If yes, what type of warm-up activities did you perform and for how long? 
Activity Duration (min) 
Stretching 1 <5  
1 
5-10 
2 
10-15 
3 
15-20 
4 
>20 
5 
Jogging 2 <5  
1 
5-10 
2 
10-15 
3 
15-20 
4 
>20 
5 
Skills 3 <5  
1 
5-10 
2 
10-15 
3 
15-20 
4 
>20 
5 
Agility 4 <5  
1 
5-10 
2 
10-15 
3 
15-20 
4 
>20 
5 
Match simulation 5 <5  
1 
5-10 
2 
10-15 
3 
15-20 
4 
>20 
5 
Other 6 (please specify): <5  
 
                        1 
 
5-10 
 
                        2 
10-15 
 
                       3 
15-20 
 
                        4 
>20 
 
                        5 
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 Appendix G 
 
 
FOLLOW-UP QUESTIONNAIRE OR INTERVIEW 
Please complete all the sections of this questionnaire and/or mark the appropriate block with an 
“X”: 
 
Did you get an experts/outside opinion on your injury? 
 
Type of expert: please specify: 
 
1. What was the diagnosis? 
 
2. What treatment was received? 
2.1. Medication 1(please 
specify): 
2.2. 
Rehabilitation  
2.3. Rest  2.4. 
Ice  
2.5. Other  (please 
specify): 
3. For how long was the treatment received? 
D D W M M 
4. How successful was the treatment? 
Fully recovered 1 
 
Injury still present, but training again 
2 
Did not recover 3 
 
5.1. Did the injury stop you from practicing? 
Yes 1 
 
No 2 
 
 
5.2. Did the injury stop you from competing? 
Yes 1 
 
No 2 
 
 
6. If yes, for how long?  
1 week 1 2-4weeks 2 Longer (Please specify how many weeks) 3: 
7.  Was this an old injury reoccurring? 
Yes 1 No 2  
 
 
Yes 1 No 2 
 
